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Abstract (Basic): WO 200015816 A2 

NOVELTY - An isolated protein which is maize replication protein A 
(RPA). is new. 

DETAILED DESCRIPTION - Isolated maize replication protein A (RPA) 
has an amino acid (aa) sequence of: 

(1) a maize RPA large subunit: 

(2) a plant RPA middle subunit; 

(3) defined sequences of 623 and 617 aa encoding the maize RPA 
large subunit homologues 1 and 2 (ZmRPALSHI and ZmRPALSH2) 
respectively, 273 aa encoding the maize middle subunit homologue 1 
(ZmRPAMSHI), and 273 aa encoding ZmRPAMSH2 and 3, 273 aa encoding 
ZmRPAMSH4, 318 aa encoding ZmRPAMSH5, 273 aa encoding ZmRPAMSH6 and 273 
aa encoding ZmRPAMSH7 (all sequences given in the specification); 

(4) substantial identity, to an aa sequence of (1)-(3): 

(5) at least 20 contiguous residues of (1)-(3); or 

(6) a variant of (1)-(3). 

RPA is a single-stranded DNA-binding protein required for multiple 
processes in DNA metabolism, including DNA repi icat ion, DNA repair and 
recombination. 

INDEPENDENT CLAIMS are also included for the following: 

(1) an isolated nucleic acid (I) which is: 

(a) a nucleotide sequence encoding a maize RPA large subunit; 

(b) a nucleotide sequence encoding a plant RPA middle subunit; 

(c) a nucleotide sequence comprising a defined sequence given in 
the specification of 2497, 2202. 1124, 979, 1051, 1087 or 1074 base 
pairs encoding ZmRPALSHI, ZmRPALSH2 and ZmRPAMSHI -7; 

(d) a nucleotide sequence comprising at least 20 contiguous 
nucleotides of sequences (a) -(c); 

(e) an antisense nucleotide sequence corresponding to (a)-(c); or 

(f) a nucleotide sequence which hybridizes under stringent 
conditions to (a) -(c); 

(2) a DNA construct comprising (I) operably linked to a promoter 
that drives expression in a plant cell; 

(3) a transformed plant cell comprising a DNA construct of (2) 
stably incorporated into its genome; 

(4) a transformed plant comprising a DNA construct of (2) stably 
incorporated into its genome; 

(5) seed from the plant of (4) ; 

(6) a method for modulating DNA metabolism or influencing cell 
cycle in a plant cell comprising transforming a plant cell with (I) 
operably linked to a heterologous promoter that drives expression in a 
plant eel I ; 

(7) a method for enhancing homologous recombination in a plant cell 
comprising transforming a plant cell with (I) (where (I) is not the 
antisense sequence) operably linked to a heterologous promoter that 
drives expression in a plant cell; and 

(8) a method for increasing pathogen resistance in a plant cell 
comprising transforming the plant cell with at least one nucleotide 
sequence operably linked to a pathogen- inducible promoter, the 
nucleotide sequence is: 

(i) an antisense nucleotide sequence corresponding to a maize RPA 
large subunit; or 

(ii) an antisense nucleotide sequence corresponding to a plant RPA 
middle subunit. 

ACTIVITY - Fungicide; virucide; insecticide. 
No biological data given. 
MECHANISM OF ACTION - Gene therapy. 

USE - DNA encoding RPA is used for modulating DNA metabolism, 
influencing cell cycle, enhancing homologous recombination and 
increasing pathogen resistance in a plant cell (all claimed). 

Antisense sequences can be used to block RPA expression and promote 
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non-specific recombination events. 

RPA is required for nucleotide excision repair and double stranded 
DNA break repair. Providing RPA protein as a coating to particles 
during particle bombardment or expressing RPA sequences during 
homologous recombination can improve genetic manipulation. 

(I) or a portion of (I) may be used as a probe which can hybridize 
to corresponding RPA sequences and mRNA to isolate additional coding 
sequences or in a diagnostic assay to determine the presence of coding 
sequences in a plant. 

(I) is used for increasing pathogen resistance (claimed) through 
activation of inducible or tissue preferred promoters linked to an RPA 
ant i sense construct which inhibits endogenous RPA expression to 
selectively kilt target cells or tissues. Plant pests which can be 
controlled in this manner include fungal pathogens, viruses, nematodes 
and insects. 
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V4 0«l^7e.'SOM:^(7:)b'U ^ v>'J -y^^^fltCffiTfefit) 
w tT^i-'IRS^n-Ct^^,. L^^L. S. c e r 
e V i s i a ei:iott^?ISSj^,«;5<7)*^^li^'2>5ff^ 

g-eiiJ^n^Ct 4-7j^i-c [0 0 0 5] 7 0kDa. 20 
3 2kDa. 1 4 k D aCOiSffl^OR P Ac7)-^f y^^-y h 

Mi. rRPA2j . TBJ . r^.^-Jl. (sma 1 
1 ) J . r3 2 k D aj . TP 3 2J . TP 3 4 J . i^o 
XV K^l- (middle ) J -^tr^i^ h > LT 

^- -y h (i. 3 2 k D a co^^T-ft-r^l-o-^r-H-^ v 
h i-EHi- c - too (.) 6 ] R P A</0'^-^-7'-:l- 

-l^flDN A$S^- ; DNA$g-&-0»l4 ; DNA^S^d-O 30 

bc/UDN Atiffi (7)1^:"^" (Anderson (1966 
) Calif. Inst. Technol. iSero 
ussib (1993) J. Biol. Chem. 26 
8:7147-5 4 ;Kenny(b (1989) Pro 
c. Natl. Acad. Sci. USA 86:97 
5 7 - 6 1 ; B r u s h lb ( 1 9 9 5 ) M e t h o d s 
Enzymol. 262:522-4S;Stigg 
e r h (1994) Proc. Nat 1. Acad. S 
c i . U S A 9 1 : 5 7 9 - 8 3 ; P h i 1 i p o V 40 
ab (1996) Genes Dev. 10:2222 
-3 3) o [0 0 0 7] ^<(7^im^'. ^iUZX^) 

D N A ^f&(DmmJsmmmi)mffsL ? n^±itm^^ x v 

Xh^o [0 0 0 8] (Wa^CW) Braunb 
(1997) Biochemistry 36:844 
3 - 8 4 5 4; report on the r o 1 50 
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e of protein — protein inte 
]- actions and function of 
replication protein A. It 

is reported that RPA mod 
ulates the activity of DN 
A polymerase a by multipl 
e mechanisms. Loor'c5(l997) 
Nucleic Acids Research 2 5 
:5041-5046 report on the 
identification of DNA rep 
lication in cell cycle pr 
oteins that interact with 

proliferation cell nucle 
ar antigen. Longhes eh (19 9 
4) Molecular and Cellular 
Biology 14:7884-7890 repo 
r t that ]- e p 1 i c a t i o n facto 
r A is required for in \' i 
V o DNA replication, r e p a i 
r , and recombination. S t i 
g g e r b ( 1 9 9 8) J . Biol. Chem. 27 
3:9337-9 3 43 provide a fun 
c t i o n a 1 a n a 1 >^ s i s of human 

replication protein A in 

n Li c 1 e C) t i d e excision i- e p a 
i r . A b r e m o V a b ( 1 9 9 7 ) ' P r o c . N 
a t 1 . Acad. Sci. USA 9 4:7 1 8 6 - 
7 19 1 report t h a r t h e inte 
J- a c t i r) n b e t e e n r e p 1 i c a t i 
on protein A and p 5 3 is d 
i s r u p t e d a f t e i* u 1 t r a v i o 1 e 
t d a ni a g e in a DNA repair — 
dependent manner. Newb (19 
98) Nature 391:407-410 rep 
orts that RAD52 protein s 
timulates DNA strand exch 
ange by RAD51 and replica 
t i o n protein A . S t i m u 1 a t i 
on was dependent on the c 
oncer ted action of both R 
AD51 protein and RPA impl 
ying that specific protei 
n — protein interactions be 
tween RAD52 protein, RAD5 
1 protein and RPA are req 
uired. Duttab(1992) EMBO J 

11 (6) : 2 1 S 9-2 1 9 9:BJ:U^'N i u b (1 
997) J. Biol. Chem. 272 (19) :i 
263 4-41 report cell cycle 
— dependent phos]Dhoryl at io 



n of the middle s u b u n i t o 
f RPA, implying a role fo 
r the s u b u n i t in cell r e g 
ulation. Bochkareva^b (1998 
) J. Biol. Chem. 273 (7) :3932- 
3 9 3 6 report the formation 
of a single stranded DNA 
binding site on the hum a 
n RPA middle subunit. Mas 
(199 8) Mol. Cel 1. Biol. 18 ( 
11) :6399-6407 report that 
the RPA middle subunit c 
ontacts nascent simian vi 
rus 40 DMA, particularly 
the early DNA chain i n t e ]- 
mediates synthesized by D 
N A polymerase a 1 p h a — p r i m a 
se(RNA-DISlA primers)., but 
not more advanced product 
s . L a V 1- i k .tb ( 1 9 9 S ) N u c ■ 1 e i c A 
c i d s Res 2 6 ( 2 ) : 6 0 2 - 6 0 7 re 
port on location of bindi 
ng of individual subunits 
of human RPA to DNA p i m 
e r — t e m p 1 a t e complexes in 
various elongation r e a c t i 

0 n s . S i b e n a 1 1 e 1- n 9 9 S ) 3 7 ( 
3 0) : 1 2 4 9 6 - 1 2 5 0 6 report t h 
u t d i f f e e n c e s in the act 

1 V i t y of the m i d d 1 e ( 3 2 k D a 
) and the s m a 1 1 ( 1 4 k D a ) . s u 
bun its of RPA are respons 
ible for variations in th 
e single stranded DNA-bin 
ding properties of sacchi* 
o m y c e s c e r e \' i s i a e and hum 
an RPA, thus implying a r 
o 1 e for the subunits in s 
pecies-specificity of DNA 

binding of RPA. (ffeB^^T^ga) 
^^.mmziSii ^ D N AiXm^mm^ ^ fzib(D&f&^ii 

^SA (RPA) ^^-v (1 a r g e) -9-7'-:3.^-y h 
i^Xl/^'^y^^^y y <D^mit<0^^^^ c DNABfi^yi^ 

xi/T^ /mm^ii:. tm-t^o ^mnmmn. dn 
Amm. DNA \\m^ ^ vm^'^. x W^Sni- ^ Xfl is v ^ 
xmiMi^thto 10 0 0 91 r^mmifzm^ 



(5) ^f^2 0.0 3 - 5 1 0 0 0 9 
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DN Aftl9t4'Pini-^/-:*^t-W)^4':5^ ^ 
ygSK^'Jti. h ^^D3 v(7)t:S$^^ >^N'i>KA (RPA 

) MCta^-r-^o RPAii. DNAIIS^. D 

NAljm. ^XmmM'^ts. DNAftKt^T^^KcO:.! 

m'-^^LW: f^ixh -^mt^^ ^>^<^nr-h^o RPA 

?I^"f*(i^ *^7 0, 3 2, 1 4 kDa^-9-y^^'y 

^dV^T. 1S>^(:70kDa. 32kDa. ^XVl 4k 
D a (Disio X ^o^T-li^^i"^ R P A-^y^^ y V ^ 
EEli-^^c 1^§§s^<7)@e^yii. RPAtt^M*^:'^-^^''^^ 

f5^-ife?i<7)ifiintc^(t'i)^ii*?btimai-ro loo 

1 01 ^'^mco^imVdiX. DNAftBtc7)PSnUP4-^i" 

i^§§0^(i. m^\^^2isxv'4{ztim<^±^y'^ 

20 ^ y V {iM-t^r = y SSBS^'i. h Vizmt^^ 1 2 . 
14, 16, IS, 2 0ioJ:U^'2 2 (CiefJcCT^t^-^y-n-^ 

-J hizH-t^bT ^ y mm ^ - K-t ^ ^ u ^ kss 

.1oJ:cKK?iJ#-%4 li:. h n > R P A^-*t7'^^ 

htai^f*^! (ZmR P AL SH 1) i-oJ:c;^'ffll^f$2 (Z 
mRPALSH2) izti^^iri / SSK^iJUtSai-'^c 

12. 1^.16. 1 8 . 2 0 . J: -K2 2 (i: 
^ii^^n. h ^ ^ D :.7 > y h fAFiW 3 ( Z m 

RPAMSHl) \my\r-2^SX<f3 (ZmRPAMS 
30 H2i:5j:c;^'ZmRPAMSH3) ; ffiIB]fic4 (ZmRP 
AMSH4) ;ti[H]f*5 (ZmRPAMSHS) \ 
ite (ZmRPAMSH6) \ ^^Xmmit7 (ZmR 
PAMSH7) (DT < ymniWznjAL^-t:hc lOOl 

1] Miiov^T. ^ifeB^ii. m^mt^ 

-^98754i3j: 1/9 8843 {lK«<7)^fflM?iil-ffiA 
^^7^^.. DNA@S^y$r=J- V'-th^ ^ Kffi^^O^ft 
i:>^l{ztm-t^o ^-^y^^*y hiz^i^X. *W:IB»tc 

tzm.(^wiii-iriz ioT^j-K^n^T^y mm i ^ 
'ri>:r: g ^y'^ h\ mx.mm^^ nsxirs iz%m<D 

40 ^^')^y'^ K. ^m^K#^9 8 7 5 4ioJ;?/9 8 8 4 
3UB£«<7:)fflm^S±U}fA^n/j^-KU-^-7'^ h\ Ki:hl/ 
{Z 'J ^ V^'f- KcT) 7 ^ ^' > h t 

^bCaflt-t^o [0 0 121 ^§g0J(7)RPA 

American Type Culture Col 
1 e c t ion (ATCC) ^ Manassas. V i 
r g i n i a (Dm^^K.izmni^iU mm%i^^9 8 
7 5 4 is J: (7^9 8 8 4 3 rSiJ 0 b^/jc C^b^O^ 



(6) 
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X m¥ii}^^mm'f^^ 1 1 2 ^ is v ^ t ^ n ^ 7i^is 

T-li'fcv^, [0 0 131 h-^^an vR PA:/^-^y 

7 htaiiiff^i (zmRPALSHi) nxxfmmw 

2 (ZmRPALSH2) c7)T 5 /ISK^iJSr 3- K1".i) 

-So b 'i'^n^i vR P Aif 1 (Zm 

RPAMSHl) ; t§l5]f$2di il/S (ZmRPAMS 
H2iJJ;t>*ZmRPAMSH3) ; tBlB]{$4 (ZmRP 
AMSH4) ■.'fglBlflJS (ZmRPAMSHS) ; ffllW] 10 
f$6 (ZmRPAMSH6 ) ; i3 J: LKffi|B]frv7 (ZmR 
PAMSH7) 07 5ye^@£?iJ^='-K1--l.J?i'^^^ 
^mlJI±^ -en-PnSS^iJS-t 1 l^ 1 3> 15, 17, 
1 9iSj;a'2 1 lcK«$n^c [0 0 14] ^l&B^ 

<{i.^y^<^ %.■=>- ViYMn ) i a- S ^ V: f?'J ^ 'i'^ ^ 
^mmMW-M-H^'X. 'm-m.^i'^tzmi'if^^i^ ^^Mi)^ 
\^^'!rz>m^^(r>¥ J .^\-ii^'X^M'^-■^^^^ff:^^'- 
mi^■i^z>^^■i 5 k b , 4 k b , 3 k b , 2 k b , i k b , 

0. ov.hs tfzito. \ kh'X^momtw.y\]'k^?^% 

-t7c9 y^^i^no^ Cf^tftiliici i))*^3 0%, 2 0 
%, 10%, t/jl±5%*il4-*i-^)J'>^<i'Ktinp^r 

fa^mi^x.fit)i::S^i-^Jj|^, »t L < iiif«±gitlili, 

(Ig'JftSftf-J: 0)*^3 0%^ 2 0%, 1 0%, * 
5%*il*^i-o [0 0 15] RPAIi, -3p:i>:D 
NA (s sDNA) ZI^IIDNA ( 

dsDNA) (:St-t-^M-fe-IMDl4l±, ssDNAtcJti- 
^^^IS^O-tti 0 3 ~4tiTlg:V^o RPAIi, fr¥cOpli5 40 
(Cgg^-i-^ i:#x.ibn'&^)^flc0d s DM AK^iJl-iTf^ 

iliiili:, fS^fflflai::i3it4 R P Al§fJ.<OlgjbD*/::li-;^::J'^ 
IC<toTf^#?:)vt#-?)o [0016] RPA<±, IS 

mizmi-^miM't^i-i'o RPA(i, ^^'i-^t^ra^t 
ffl-t'So mn.^ >'>^'>'s.t(7)m's.i'^m\i. rpa^n 5^ 

'i-^-to RPAIi, d s DNA<7)aJtatgfa(cfiS-e*/5) 50 
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5' ^^^i'K, RAD 5 2 5' > ^"^^ "Ut^ h\zmS.\m-f 

lci5tt-?.ffi7i^l.ttii-o [0 0 17] -^(D%tm 
■t'0:$:|&B^<75RPA3- hMbBB?iJO%5g., *7^cl±RPA 

x.li', R PA^' >^^'^'Kli, }J?iS^-M*oS?-^<^^- 
xi" L-C{tt«&^n^#'5)o *^v^l±, RPAc7?IS?l 

CO g I- ^ D N A tin® l±, fmn^ ^ix^hD 

D N AE^iJcotfitl'^y 4'-^c7),^'^iJ J; c>'if A^r1£jii" 

[0 0 18] mm<7)um-ii^'x. ^mm'j^j: 

m.^,^m^ii^M-t^fzii^l-^ RPA^ >y^^K(r>§&JM. 
t fzim^iPm\-t z t (±*MT-ab ^)%^o ::<75.t«5t 

^■^ K^vh'li, R P AWiStt^-HES-r^/ci^CfiJffl^n 
[0019] fli4S6tI=SrR N A^-+-, i-'l':!^^ M -W-l' 

^ t s , ta!ti!iiig^^<7) §^Ji ^ [mi- z> fz 46 { : fsffl ^ n 

jf^, ^Kfi-)UffiS:<7)tiat)RNA>:#SBi)Uid-#L, -e 
L Tilf ^cT^ffifST'* X + V J. 7, -7^ )l-#tgl-Ll]Ulf L T , -c- 
m- <t oT-?-<75tSetlR N A ^ttt^BfjU^igftt^ ') 
Y A lilt-f -!>:: > ^^ttX'^ : :: (75iDrr(7)^S'iT i - 

Sf iJffliJ <t (U'^iOHDT L ?# ^ :i i: e , ') -"K"^' i" (±*^l$ 
mX'^Z>o T > -^-t > 7, R N A ifico U -T i^E^iJcOrt 
ai±, -en-bU^^LTRNA^IDefiSli^r-^A, -f^i-icj: 
o T •e<75til|!t&<7)i-S'tt5rif SD ^ -^^ o tlSt) R N A #^61) 
.J AO|3:ttJ3J:l/fslfl§l±, H a s e 1 o f f "b. 

Nature (1988) 334:585-591 tcH 
tE^ii^o [0 0 2 0] 4-l^^<73*°'J 5? ^ 1^:^-?^ K 

7 v*J^^)j5:^lA^ m%i^^^ Sit, t^ttl^ ioJ:t>V 
S/::(±^33Bf-f•5>/i*:3^cffl^'^'b^^^#-^)o V 1 a s 
sov, V. V. h (1986) Nucleic Ac 
ids Res. 14:4055-4076 (±, WMW. 

-7'lCJ:^|B)ii<7)5ff5tO|f5^li, K n o r r e (19 

8 5) Biochimie 67:785-789 (C J: 
^5ff55'C-^'5>o I V e r s o ni3J:t/D e r v a nl±S 

X':>rmJv^ix^ D N A (nmmm^wmi fr^ l 

( ( 1 9 8 7 ) J . Am. C h e m. S o c . 10 9 
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: 1241-12 4 3) cMeyer.b (1989) J 
. Am. Chem. Soc. 1 1 1:8517-851 

■t7^o V V w > ic J; o ■t4S^^ ^ -^is^t u ^-j? i> 

V^(Ditiimt^miis Le eh (1988) Bi 
ochem. 27:3197-32 03 (CF^S^^it-^o 

omeib (1990) J. Am. .Chem. Soc. 1 
12 : 2435-2437 K X-oXfATr^^ilfZc —^iA 10 

■a'ji ^ Vtf- Vcr>-^^<Dfzisb<DT )V^Mt^\\t LT 
<7)N4, N4-J^5'^-> ^■>>^0'l£fflt^;^^^ We b b 
h (1986) J. Am. Chem. Soc. 108: 
2764-2765 ;Webbib (1986) Nucl 
eic Acids Res. 14:7661-767 
4;Fetei-itzib (1991) J. Am. Che 
m. Soc. 1 1 3:4 0 0 0 (C±5i »TI2fc^n/jc 

H^tmZ, 5 4 3, 5 0 7^ ; |Bl^5, 6 7 2, 5 9 3 20 
■^;IB]^5, 4 8 4, 9 0 8-f-, |E]»5. 2 5 6, 6 4 
8-^i5j:t/[W]^5, 6 8 1, 9 4 1-^^#P.BC0C to 
[0 0 2 11 RAPIi. *fef*:DNA(7)^S«SU-Ji;^-Sh 

•^X 5:/j I/) B S^IJ I ± , 4fl If . ft^it 14 (7) if 5#j c i3 1 1 -5> ffl ji 4- 1. (±1 
?S/f4t^ t 'TJtMi'T^I^U, R A P T > > 7.tg||1%75«% 

mm<^n^6^iz^&5i-io 10022] ^^^mn. 

4't'uJtLT»^1*lii"'&<7?i-*ffl-e*)^o 10 0 

2 3] r^-e-it-ttj ti±. ^i!t^^;i^ tii^^siif^tisft 

i »)?l§iSC$^v*c [0 0 2 4] ^liB^(7)^llft 

(i, 'y^ivy., ^ -iu^ y\ mm. mm^. * 

^^f^ ^ ^ ;U7,^ 1; > ^r-x.+'-y h ( r i n g s p 0 t 50 
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) ^ )\^7., mW'y ^ h •:7^D3-> K^-^ (d 

w a r f ) ^l' X 4' t'<7)ffi:^.<^ 't' 1" >V ;^7i*^tt' ib H 

LTIi. mTTi^^^tfbn^.: [0 0 2 5] [^fc 1 

1 

I'A': iVumpAAofD kfcjc^mno ftp. ct>ctaM^ 
^amyjAomiwi phxMofino, RhteKtsnkr jotoi^ fcbrctnte tclerpiianm, /usurfWi* 
ZXqporliW phas»«iontm vtr. fTWqpaCs j^ai^J, Z)i«par«W 

frtsKBtunI, OvTBCTorD anxfA^lo, 3qrtorigg5«fr«^^J^> ^J* ' ^ *'i ^ *°°^ 

j^ycaspftofnOo hmsictota, PyOiimm wtxkmm^ fmmpon pcmtlka, Fusartmm 
rosm.<tJttnicrtedWnaeer. nTim; CbwAdkrffteA^ORMtw&VL Insfdrom^ 

iphndAnw^iM. Pl^ittfWMera Mtfe^xriMl, Ptromovofo «tMIOr«M. 

AinioeMBn, /^unrttw cubrann^ Urtt^ tfMd, iffeed^^ Mdef, 
>tM, i^cttato^nwrti tap. Mdc^ /"Mcetaiv 

^7«fia #uuM«. /^yi id b c< reo<yinp»ar^ipprtefaahitJt, Khhactonia atAai. 
JiMioe$eniat*rtalH, G o M wa w wycM groB^B* vs. 6idd,i)«fU«ai 

>i m-i utri«t«»W , Ciaviav^ptapttna, TWtda Iti^td, TUttHa laavO, Usekfto 
fftHel, TUteto teAn, Wftpcw*^ jotoH Qrtftaw > fa iiawaw A iydiiBa 
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Stem corn r o o t w o r m) ; D i a b r 

t<(;t*'ii^''0 otica longicornis barber 

fi«v»*et«T«.fw««ttow«^A^^ i ^ zltpr^^^-^ (northern corn r 

*^-.KJZL^i>.*^«^p..««^ ootworm),Diabrotica undec 

cvi^jo^uMecfmbuKPJo'tqpMj^ impunctata howardi> "ffinB^'"^-^ 

ma«fiis«B^<a*6«*««iFk«irhMr«^^^ (soutlierH corn rootworm 

r^ir^rXC^;:;^:^ );Melanotus spp. . ^.-y^A-X^ 

v*T«Trtito>n«.fl*xto*-«iH(&aT^c^^ (w i r e w o r m s ) *, C y c I o c e p h a 1 

LD&m.jfttetei»9»ri^ a b 0 r e a 1 1 s^ qcnp"^ y ^ ^ ^^-^ In o r 

'^J::^:::^::::^^ . lO them masked chafer) (->avi. 

cmfic»a»^iAy«g«<o««.a«*^^ v) ;Cyclocephala immaculat 

Curwwkwia tnar^wx&t, Cia^mJortn foJkjcvtS, OcrdhacMr fmJchlgmBUs jatap. _ . , . 

i«teiiihA».7hfcAo(bm<>tMdtr.'' »u*r»-wfwuus*w ^ a^ M^i"^ ^ >^ ^ ^ (s o u t H 6 r n mas 

^i^^<^,^,^nita,i^^,^^:a^^'^^ ked chafer) (vOvjUv) ; P o p i 1 1 

ia j aponi ca. ~7>::J:^'^-;Chaetoc 

^■Mrifrfhrmrrfr— ^rT-*^" ncma pulicaria^ h^-^nn^y^ 

cv.*..»^-,Hi^co^^ v;Sphenophorus maidis. 

.i««»«w-mrii*>toi,M«mjn«*»r?.w« : trt«»: o ZJ V v'^ V i R h o p 3 1 OS i p li u m ma i 

c^«»^.«^.ffl«««a^icrK^ dis. h^-tunv;-7-7/^v,Anuraphis 

yt^^sc. 01.^^ maidiradicis. h 'j? =j v/n A -> ; B 

20 lissus leu copter us leucop 

c«-^.w^«*.™^.;..«^^^^ t e r u s. ±>^>^iy ; Me 1 a n o p 1 u s f 

«<ftofa./si>jtej^>^^ e m u r r u b r u m > TiJT i^^^y ^ ( r e d 1 e g 

r>w*«<tt«*w »cfcn*v»w^««««**»'^^*^^ g e d g r a s s li o p p e r ) ; M e 1 a n o p 1 




us s a n g u i n i p e s . {gO>'<'V ^ (m i g r 

:m^j'ytPaMmtMm 3 t o r Y g r 8 s s h o p p e r ) i H v 1 6 m y 

i^7^h. ioXl/mm<^mi$m<^^^^^^ ^ platura. ^^^h^^tJ^i.-^^-^y V (se 

f:iLmitij'^i:^tsmm'\^t LXH. ayin^^'^^hH^'^ e d c o r n m a g g o i ) : A r o m y z a p 

: [0 0 2 6] lit2] a r v i c o r n i s. - > ru y h 

?. c o r !-j Id i u t leaf rn i n e r ,) ; A n a 

^ ^ ^ ^ 3( nhothrips obscrurus^ '1?-/^^ 

( r»'»»iMift» >;w«*m)AmjcA««idW{ t•^M^«J^»% ^tut^r. (grass thrips) ;Solenopsis 

«B^M.»t«i X m i J e s t a . h^V^T U ; T e t r a n y c h 

- m^^7s V t LTIi. l;XT(DS^PhmiR^i^^P^A:f)' us u r t i c a e. ; -^t h^-^on v : 

m^fhn^ : [0027] 3] Chilopartellus. ^h^^nrJv;^- 

'7"-;Spodoptera f rugiperdax 

« wrt.. : „ r''*'^."r^ vn-Vi-:^'; He 1 i c o V e r p a zea.^^^ 

HyncKiptBm, Leptdopten, MAt)oplug>« HoBuptaik, Hemlpien, Orthoptcre, 

ni)fsuioptBrvi)«aapto».i»j)te^ >'^'^ :^';ElasmopaIpus 1 ignosel 

. Colco|rt8ra4.wLtpldopttiu 1 u s > ^' ^ > 'l' J F e 1 t i 3 s u b t € r r 

±4^f^^^t:o\/^TO:$:fS0^c7)S*^^> ^ t LXii:^ anea. ^o-U- h ti y h 1 - (g r a n u 1 

f)^m^fhi^^ : b '^^n V : O s t r i n i a n u 40 ate cutworm) ; P h y 1 1 o p h a g a 

b i 1 a 1 i s . T 7 y ^ ^ ; A g r o t i s i p c r i n i t a . v n v A v ; E 1 e o d e s . Con 

s i 1 o n. ^o^.^'J2.v (black cut wo ederus^ ^^hl/iZAe olus spp. 

r m) ; H e 1 i c o V e r p a z e a. :tt^y<:=i (^JA) ;0ulema melanopu 

S p o d o p t e r a frugiperda. v s. ^ t: ^"K V^^/. v ; C h a e t o c n e m a pul 

D-Y-f ;Diatraea grandiosell icaria. h 't? n v^^Z. v ; S p h e n o p h 

a, hr^^nrFv/;^ E 1 a smo p a 1 p u s or us maidis. > 't'-tn n > v'^^ v ; R h 

1 ignosel 1 u s . ^'.7 ^ ^ :?^7' ; D i a t r o p a 1 o s i p h u m m a i d i s ; h ^ n n v 

a e a ■ s a c c ha r a 1 i s. -9- h t: -i^- ^ - TT^vAv ; S i p h a f 1 a v a. ^-^h^^^T 

(sugarcane b o r e r ) ; D i a b r o t r^Av (yellow sugarcane a p h 

i c a V i r g i f e r a . A (w e 50 id) ; B 1 i s s u s 1 e u c o p t e r u s 1 
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eucopteruss -:?->^>^v;Contari 
n i a s o r g h i c o 1 a . b ^-^ a '> ^ v'M 
midge) ; T e t r a n y c h u s c i n n a b 
a r i n u s. iJ--^ >>'^^'^ (carmine s p 
i d'e r mite) ; T e t r a n y c h u s u r 
t i c a e . ^ '^'^ ; Z3 A : P s e u d a 1 e t 
ia unipuncata^ ah'^/^vlSpodo 
ptera frugiperda^ i^XJ "^-j-if ; E 1 
asmopalpus I ignosel lus. V 
^ ^ ; A g r o t i s o r t h o g o n i a ^ ffi 10 
ffia b ^ V (w e s t e r n cutworm) ; E 
lasmopalpus 1 ignosel lus^ 
r^"-^ ^ ; O u 1 e m a m e 1 a n o p u s\ ^ tf 
V ;Hypera punctata^.^^ — 
^ <— V'*^ V { c 1 o V e r leaf weevil 
) ;Diabrotica undecimpunct 
a t a h o w a r d i . [*gr>^^A ; u i/T n 

jU+^ry'^ (Russian wheat a p h 
id) ; S c h i z a p h i s g r a m i n u m> ^ 
K ij T y'y jU V ( g r e e n b u g ) ; M a c r o s i 20 
phum avenae. ^ > ^'U -yv ^ 1/ < > T "7' 
V A V (E n g 1 i s h grain aphid) ; 
M e 1 a n o p 1 u s f e m u r r u b r u m> T il 
T V / < V ^ , M e ] a n o p 1 u s d i f f e r e n 
t i a 1 i s> -r' Y ~7t l/> v^JU^'^7.-i^ (d 
i f f e ]■ e n t i a 1 grasshopper) ; 
M (:■ 1 a n o p 1 u ^ s a n g u i n i p e s . vlg I) 
/ < ■;.* 9 : M a >• e i i 0 1 a d e s t i' u c t o r ^ 
a J^^9'7'*<J^ : S I 1 <:> d i p 1 o s i s m o s c 
1 1 a n a ^ n A ^ > ; e r o m y z a a m e r 30 
i c a n a ^ :3 jU ^'^-^ n' y h (w heat s t . e m 
maggot) ; H y 1 e m y a c o a r c t a t 
a =3i^4-^>'^•f ; F r a n k 1 i n i e 1 1 a f 
usca^ :^>'<3T-*f^^"^;Cephus cine 
t u (wheat stem s a 

wfly) ;Aceria tulipae^:::'A ^^ij 

(wheat curl mite) ; 
>; : S u 1 e i m a h e 1 i a n t h a n a . 

K-^EX (s u n f 1 o w e r bud moth) 
;Homoeosoma electellum. 1^-^40 
7 U ( s u n f 1 o w e r moth) ; z y g o g 
r a m m a e x c 1 a m a t i o n i s ^ > 7 ^ V 
— t:— h;^ (sunflower beetle) ;B 
othyrus gibbosus^ — >v> tf- 1" 
(carrot beetle) ;Neo!asiop 
t e r a m u r t f e 1 d t i a n a . t ij 

(sunflower seed midge) ; 
: H e 1 i o t h i s v i r e s c e n s . K 
^ — ( c o t t o n b u d w o r m) ; H e 1 i c 
o V e r p a z e a . f^S'-^ - - ^ ( c o t t o n 50 
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b o 1 1 w o r m) ; S p o d o p t e r a e x i 
g u a ^ t'- h3h^Av;Pec t i nophora 

g o s s y p i e 1 la. }^ > ^ }\^'7 - (pi 
n k b o 1 1 w o r m) ; A n t h o n o m u s g 
r a n d i s g r a n d i s. ^'^JUV'^Av (b o 
11 weevil) ; Aphis gossypi 
i . V ^ T y'y i^viPseudatomoscel i 
s seriatus.^^y ^/^Av ; T r i a 1 e 
u redes abut i lonea^ ^Or-'^y h ^ 
> V^-^ ^ h y y ^ (bandedwinged w 
hitefly) ;Lygus lineolari 
s. ^K'J-^^vP^7'^;Melanoplus fern 
u r r u b r u m. TiJTi^^^y ^ ; M e 1 a n o p 1 
us differ entialis.-ri"7TU>'> 
^ ;U ^'y 7. y ;Thrips tabaci.:^^ 
-7:T-4-'"T-*f ^ ^y-^ ;Franklinkiella f 
u s c a . 9y<::2r'^'^ ^-v^;Tetranychus 

c i nnabar i nusN ij — ^ J T e t 

ranychus urticae^-f^^^ \ ^ ^ 
:Diatraea saccharal is> -^b^ 
^ ^ - ; S p o d o p t e r a f r u g i p e 

r d a ^ '> D -^-^ ; H e 1 i c o V e r p a z e 
a . i-:t ^ ;Colaspis brunne 
a , y* K ^ rr 5 7. 1:: 7v (grape c o 1 asp i s 
} ; L i s s o r It o p t r u s o r z o p h i 1 
u s > ^ ^ 7C =1 ^ v''^ A •> (rice water 
w e e V i TJ vS i t o phi I u s o i" y z a 
e , :3 ^ y'y ; N e p h o t e t t i x n i g r o p 
i c t u s , a .7^ ^) — y /i— ( r i c e 1 e a f 
hopper) ; B 1 i s s u s 1 e u c o p t e r 
us leucopterus. -f>^>A->;Acr 
o s t e r n u m hi 1 a r e ^ i j — > 7v x < > >^ 
(green stink bug) ; X : P 
seudoplusia includens> 9' ^ 7^ 
v-Vi>b'J/^v(lpoper) ;Anticarsi 
a g e mm a t a 1 i s . ^;l-^7 b t'->^^ 3^ tf 
y— (velvet be an cater pi 1 lar 
) ; P 1 a t h y p e n a s c a b r a . ^* 'J - > 
u—^^—^-'I^ (green c 1 over worm) 
; O s t r i n i a n u b i 1 a 1 i s > T 7 7 p« 

; A g r 0 t i s i p s i 1 o n . . ^ n ^ j A v 
;Spodoptera exigua. h :=( ^ '7 
^i. V (ig!)*) ;Heliothis viresce 
n s . 7 h K7— ^ (cotton bud wo 
r m) ; H e 1 i c o V e r p a z e a . 7 ^ rf.^ )V 
7 — i:^;Epi lachna varivest is^ 
-7 9'y -fVh^AvlMyzus pers icae. 
^^TiiT y'y i^v;Empoasca fabae^ 
iJ^'if^^ 'J - 7'-^ 7 ; A c r o s t e r n u m 
hi 1 a r e ^ - > 7. x > :^ ^ ; M e 1 a n o 
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plus femur r u b r u T iiT 'y^'^y ^ \ 
Melanoplus differ entiali 
s , x -r "7 T U > V Jl^ ^'^ X -y ; H y 1 e m y 
a p 1 a t u r a. ^ h r^-:eo =? h ] S e 

r i c o t h r i p s v a r i a b i 1 i s ^ 'f'f^ 
T-^'l -^"7 ; T h r i p s t a b a c i ^ ^-^^^^'T 
-*f^^-^;TetranyGhus turkesta 
n i , ^^ay^^^zL ;Tetranychu.s urt 
i c a e. i-l/^^':^ ;^:tA^':Ostrinia 
n u b i 1 a 1 i s . T 7 ^ > ^ r^'^ ; A g r o t i s 10 
i p s i Ion. ^tJ ^^^^) Z^ V ; S c h i 2 a p h i 
s g r a m i n u ^ K U T y*y A v ; B 1 i s s 
us leucopterus leucopteru 
s. -f>^>j^v;Acrosternum hi la 
r e . — > Xt^ ^ > ;Euschistus 
s e r V u s . y'y y > ^ > ^ (brown 
stink b u g ) ; D e 1 i a p 1 a t u r 
a . ^ h ^ ^ n 3 V -7 rj'-y h ; M a y e t i o 1 a 
destructor. -v-ys\x ; P e t r o b 

i a i a t e n s s zj I^^'V^^ ( brow n w i!0 
heat mite) ; -t: -Y 3 ^ T -7'^ i" (O i 1 S 
eed Rape) :Brevicoryne bra 
s s i c a e ^ ^ ^ ^ -y T "7'^ ^ v ; P h y I 1 o t r 
eta c r u c i ferae. / ^ A v ; M a m e 
s I r a c o n f i gu r a t a. /^--^f 3 h y iy 
(B e r t h a a r m y o r m) ; P I u t e 1 i 
a X \ - 1 o s t e 1 1 a . : D e 1 i a s s 

p , . — 1- ri' h (Root m a g g o I s ) : 
[0 0 2 8] ^n<^y'r} ^ - 9 -ij^t§^m<^^t}i!iiZ 

ffl^nif-s^o z(r)x.^^^y^u'^-'9-{t. -^mmx- r 

^<7)J:^;i^t»lSS^)-7'*n^-^-(l(i. i?ijx-li\ Rsyn 
7(7):3ryn^- ^- (WO 9 9/4 3 8 3 8) 40 
C aMV 3 5 S yn^-^- (Od e 1 \ h (19 8 5 
) N a t u r e 3 13:810-812) \ ^ ^-T <7 
•^>(McElroy»b (199 0) Plant Ce 
11 2:163-171); :m'^f-> (C h r i s 
tensent) (1989) Plant Mol.Bi 
ol. 12:619-632±5J: ^'Christens 
e n b ( 1 9 9 2 ) P 1 a t n M o 1 . Biol. 1 
8:6 7 5 - 6 8 9) ; pEMU (L a s t b (199 
DTheor. Appl. Genet. 81:581 
- 5 8 8) ; MA S (V e 1 t e n b (l 9 8 4) EM 50 
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BO J. 3:2 7 3 2 - 2 7 3 0) ;ALS'7'n^- 
9- (*IIli|f It^ 5 , 6 5 9, 0 2 6-t) t^t'i)'m^fh 

S5, 60S, 149-^;r&1^5, 6 0 8, 1 4 4"^; 
^^5, 6 0 4, 1 2 1-^;[WI^5, 5 6 9, 5 9 7-^ 
;ra^5, 4 6 6, 7 8 5-^;f^^5, 3 9 9, 6 8 0 
-^;I^^5, 2 6 8, 4 6 3-^;i^J:C;^'l^^5, 608 
, \ A 2^'i)^mfhixho [0 0 3 0] fe^^Mi. 

m&ifz\r<^y^ M/xtcj: ^r^m^x^^h d h i 
^-37-. sftx b V7.{zi iiifMMx^hn s p 7 oy 

^^^-X'h^o [0 0 3 1 ] lfe^ftiJffi]Ttl^^7' 

S0t)yn^-^-5 1 2 6 (*ll#i1^^5, 6 8 9, 0 
4 9-^i-oJ:c/p]^5, 6 8 9, 0 5 1 T^^. "^'n 

[0 0 3 2 ] ~ ?:ib'^7^n^-'^-li. pjfa 
ig i- u ^< -c'MSa $ ^ii- ^ I§*14*7^d ^ - - S 

ttTT'§Sfl^n^Stnt^^^b4^v^o [0 0 3 3] - 

OJ:^=5r7'o^-^-t:ii. mWM^^^^^^n (PR 

^l^,f$:tZj:^!S^tCfSv^Tm2f ;^ijx.(i\ PR^ 

>v^^^>S, SAR^>^^"^K> /9-1, 3-^'^^:^-^-- 
■tr\ :3rf-i---tf^:t^ m^lf. R e d o 1 f i b (1 9 
83)Neth. J.Plant Pathol. 89 
:245-25 4;Uknesb (1992) Plan 
t. Cel 1 4:645-6556 ;i5<tC/ Van 
Loon (1985) Plant Mo I.Virol 
4:111-116 to r I n d u c i b 

1 e Maize P r o m o t e r s J t v ^ ^ StSl^T) 
W\mm'^<^i^Ml (*il#itttigl^0 9/2 5 7, 5 8 
3-^. 1 9 9 9^2;^ 2 5 Btb®) (^Wa»4'-e## 
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ttxmm^ix^) i>tfzm?:?.<^^to 10034] 

i,y'u^-^—/}'M.m'C'^^c ^iJxl±\ Ma r i n e a 
uh (1987) Plant Mol. Biol. 9: 
353-342;Mat ton^b (1989) Mole 
cular Plant— Microbe Inter 
actions 2:32 5-331 ;So m si sc 
hh (1986) Proc. Nat 1. Acad. Sc 
i. USA S3:2427-2430;Somisc 
h^(19S8)Mol. Gen. Genet. 2:9 
3-9S;i5if/Yang (1996) Proc.Na 
tl. Acad. Sci. USA 93:1 4 972- 
1 4 9 7 7 ^#BSt75 - t o ChenibSigge) PI 
ant. J. 10:955-966 ;Zh a ng^ (1 
994) Proc. Natl. Acad. Sci. US 
A 9i:2507-251i;Warnerb(19 
9 3 ) P ] a n 1 . J . 3 : 1 9 1 - 2 0 1 ; S i e b 
e r t z b ( 1 9 8 9 ) P 1 a n t C e 1 1 : 9 6 1 
- 9 6 8; ^m^^n^m 5, 750, 3S6-f-. (^^^If^i 

t, h -^^ o n -> p R m s jlg+-(Cov^TC0i§if ttVa 

Li s a r i u m m o n i 1 i f o r m e I - <t o T 
^^i-2> ((?IJx.(±', C o r d e r o ib (1 9 9 2) P h y 
s i o I . M o 1 . Plant Path. 4 1 : 1 8 
9- 2 0 0 #B3(7) ^ > ) c [0 0 3 5] ^h\~. 

-^-[Zlt, 'J \ij -i ^-p'tij-'i >'kL\d9 - { 

pin II) afztT- (Ryan (1 9 9 0) Ann. 
Rev. Phytopath. 28:425-449; 
Duanfj (1996) Nature Biotech 
nology 14:494-498) ;wunli;J: 
J/w u n 2 . 5, 428, 148^; win 

liJiU^w i n 2 (S t a n f o r d b (1 9 8 9) M 
ol. Gen. Genet. 2 1 5:200-20 8) 
;->7^-r<> (systemin) (McGurlb ( 
1 9 9 2)Science 2 2 5:1 5 7 0 - 1 5 7 
3) ;WIP] (Rohmeierib (1993) PI 
ant Mol. Biol. 22:783-792;E 
chelkampib (1993) FEES Lette 
rs 323:73-76) ;MPI itfST- (Cord 
erokib (1994) Plant. J. 6 (2) 14 

1 - 1 5 o^rt' {z.ixhii. ■^mmm^'(^m^t urts 

m^ix^) iim^fhiihc. [0 0 3 6] ft^tlSPI 
fli57'n ^ - li, ^m<r>it^mm^l-<^'Mm (c J; o 
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ixi>i}\ C^iiiblcPl^^n^v^ : h^^D=j->ln2- 
2 7°D^— 5^- {z.ixa, -^>-t*>7^;^*>T < KP:^:?: 
^J^^^iJ (s a f e n e r) Kl^Xr^mt^ixh) , 
h ^^D3->G STyn-^E-^'- Cinii. tB^^ (p 
re-emergent) m^^t LX\t.m^ixi,mJi^ 
10 14*ST<b^-tiUJ;oTjm'fb$:lt^) , i5J:J>'5'^>'3 
PR-1 a7°o-^^-5'- (ZiX\t. ■^j-'J-^^l'BIUioT 

(Cl±, x-rD^- Klu-^ttyn-t-^'- (0ljx.lf. Sch 
enatj (1991) Proc. Nat I. Acad. 
Sci. USA 8 8 : 1 0 4 2 1 - 1 0 4 2 5i5<t?/ 
McNel 1 isb (1998) Plant J. 14 
(2) : 2 4 7 - 2 5 7(:i5tt-5.i'';l'=J=iJl'-9-=' -T KK" 

> IS^-ttv'o ^ - - i= i D-'x h 7 -4- -< ^' U > iiptiJIi^* 
20 n/&- 5' - m^\£. G a t z lb (1 9 9 1 ) M o 1 . 
Gen. Genet. 2 2 7 : 2 2 9 - 2 3 7 , J: c/ 

^mmv^mb, si 4, e 1 s-f-i3j:j/i5]^5, 789 
, 1 5 6-f--r#.H,sco:i t) i)^m^fhix. ^mmm^x-m 

-^hLXmm^ix^o, [0 0 3 7] fgl-^;L-c7)%fl 

'Be fiU'-^^K; J; c-C. 0 0 0 te¥!f^-#^ 1 / 

1 0 0 ,0 0 0 |z;^^^-v'3 1/5 0 0, 0 0 0 iS^-^f^O 

;i-*Mi^^-^^/ci6ni)^^*/ji±ei:^^nt#>?)o [0 
0 3 8] CWi^^'g§t^1ll)aetl7'D-t-5'-{z(i, I5IJ 
x.(±\ R s y n 7£0=JT7'n-t-^'- (W0 9 9/4 3 
8 3 8) ^ ='T3 5 SCaMVyn^-^-^rii'^s^lf 

40 st^5, 6 0 8, 1 4 9-^;[5)»5, 6 0 8, 1 4 4-f- 
; 5 , 6 0 4, 1 2 1 -f- ; 5 , 5 6 9, 5 9 7 
■f-;|5]^5, 399, 680-t;|s]l^5, 268, 46 
S-^-; ax If mm 5, 6 0 8, 1 4 2-^A*^lf'bit'&o 
rConstitutive Maize Peomo 

t e r sj t(omm<Dmm^im'p<^ti!,m (^sirfittiiii 

IS0 9/2 5 7, 5 8 4-^. 1 9 9 9 # 2 ^ 2 5 0 iliEI 

) {zixii. ^BMmm^x-^-^tLxmm^ixi,) i,t 
fzm^.(D zto [0 0 3 9] m^mm^ I'u^-^ 

- \t. !|t^«0ti!|%ffi^rtOli§#.$ ^t;^^ R P A §g3F1^1i6t) 
50 \\L-t7ofiib\z.MWi^ix%^^ :$:|§B^C0C<75^MiCio>.^ 
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*llilflf^5, 6 8 9, 0 4 d^^XirWims, 6 89 

n^) ^#fiSco^ to [0 0 4 0] a^^iiRStl7°n 

J2JlT75^'*^lf :Yamamotob 10 

(1 99 7) Plant, J. 12 (2) 255-26 
5;Kawamata*b (1997) Plant Ce 
11 Physiol. 38 (7) :792-S03; 
Hansenb (1997) Mol. Gen Gene 
t. 2 54 (3) :337-343;Russell>b 
(1997) Transgenic Res. 6 (2) 
: 1 5 7 - 1 6 8 ; R i n e h a r t b ( 1 9 9 6) P 
lant Physiol. 112 (3) :1331- 
13 41 ;Van Camp^b (1996) Plant 

P h y s i o 1 . 1 1 2 ( 2 ) : 5 2 5 - 5 3 5 ; C 20 
anevasciniib (1996) Plant Ph 
ysiol. 112 (2) :513-524;Yama 
m o t o b ( 1 9 9 4 ) P 1 a n t Cell P h y 
s i o 1 . 3 5(5) : 7 7 3 - 7 7 8 ; L a m ( 1 9 
94) Results Pr obi. Cell Dif 
fei-. 20:iSl-196;Oi-ozco^(19 
9 3 1 Plant M o 1 B i < > 1 . 2 3 { (V) : 1 

1 2 9 - * 1 3 8 ; M a t s u o k a b (1 9 9 3 ; P 
]- o c N a t 1 . A c a d . S c i . S A 9 0 ( 

2 0) : 9 5 8 6 - 9 5 9 0 ; J: cJ^'G u e V a 1- a - 30 
Grarciab (1993) Plant J. 4 (3 

) : 4 9 5 - 5 0 5c zcoxo^^y^^-=^~'^-i^^ 
X^hiWI. ,?Sv^§§JlC07t:i6lc£jc^?;n.t#^o [0 0 4 

Xh^l. ^\]k.\l. Yamamo t o *b ( 1 9 9 7) Pi 
ant J.12 (2):255-265;Kwontb 
(1994) Plant Physiol. 105:3 
57-67; Yamamoto^b (199 4) Plan 
t Cell Physiol. 35 (5): 773- 
7 7 S ; G o t o r b ( 1 9 9 3 ) Plant. J . 3 40 
:509-18;Orozcoib (1993) Plan 
t Mo 1 . B i o 1 . 2 3 (6) : 1 1 2 9 - 1 1 3 
S;i5i:UTvIatsuokab (1993) Proc. 
Natl. Acad. Sci. USA 90 (2 0): 
9586-9590 ?r#M?.C0^ t o [0 0 4 2] =fl 

<(ni^(Dtfz (if! ^ (om^tMS.^^ hmtz C-P^S 
^n^^>c07!»^^b«^R?H^#'2>o ^iJx.(i:\ Hi veh (1 
992) Plant Mol. Biol. 20 (2) : 
2 0 7 - 2 1 8 (V^ Xm^-^fi'^^'^^^ ^>'y>y-9- 50 
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■ifilfST-) ; K e 1 1 e r L^'B a u m g a r t n e 
r (1 9 9 1) P 1 a n t Cell 3 (l 0) : 1 

0 5 1 - 1 0 6 1 (F r e n c hs:oGR P 1 . Sitg 
^(Dm^MWm^ U;^>h) ;Sangerb(19 
90) Plant Mol. Biol. 14 (3) :4 
33—443 (Agrobacterium tume 
f a c i e n s y t: > (m a n n o p i n e ) v > 

(MAS) (Dm^mw^^-^-) ]i^xim 

iao*b(199l) Plant Cell 3(1) 
: 1 1 - 2 2 (*^ hV}\-(D^')\-^ ^>iy>y-9-^ ( 
GS) Ki-^^ftc DNA^n->, X<dU 

^X(fmiKi^\^-^X§iJM.^ix^) ^#PSc0^i:o Bog 
usze(199 0) Plant Cell .2(7) 

: 6 3 3 -6 4 1 {zz,x\ mmm^^^-^^mmp ^ 

rasponia andersoni iioJ: l/MM<^ 
I^S^m^l^v ^ f^^M^T rem a tomentos 

a ^^'nyj >7lfz;T-7^^ib-i-^(l$n/j 2 oc7)=|g 

#S0^j :7' n ^ - - miV^ e n ) f #fi?,t7) C t c 

1 o t i a n a t a b a c u m^S Xif'^ ^ f]r^§.^L o 
tus corniculatu s (75p]:^tC2SA ^^t, 

L T fig^^coi-f 1 : I ^ T . V' n - ^ - -fii^ 

i)H^.'^^ixfZc L e a c h J: O^'A o y a g i (19 9 
1 ) (i, A g r o b a c t e r i u m r h i z o g e 
n e sCOSRC-MJl^^i/:: r o 1 C <t cJm' o 1 DMrj 

Plant S c i e ii c e > L i ni e j- i c i\ • 79 
(1) : 6 9 — 7 6 I'feflp.^T^ w i: ! : i^'hit. ji->'-»> 
- J: ci^m^tiifl^B^ D N A *5E@^ii . ^i\h<Dva 
9 -^{ZliTm^i'iX\.^yo tmmniffZo Te e r i 
( 1 9 8 9) (is lac Z-^Ojtfz^T-ili^^^rlf ffl L 
T. h t:> v> :^--tf^::?- K1-^A g r o b a c 
t e r urn T-DNA«eT-;4^ mm(Dm&^zi^\.^X 
mzi^^X^^ Zt. ^Xi/TR'Z' -f > ^ 

IfllJioTpJili^;?!^:: t (?5^ ( i n s e c t i c i 
d a ]) mB^tfzm^Si (larvicidal)S 

) ^tj^Lt'c (EM BO J. 8 (2) :343-350 
i^?mZt) c nptll (:T^:t--7^ v>'■^7^.-^ h V 

>7v7:c^--t'i I) --ai^^n/jTR r sfST-ii. 

(i. V f ENOD-GRP 3ilte-7--7'n^-^- (K u 
sterb (1995) Plant Mol. Biol 
. 2 9 (4) : 7 5 9 - 7 7 2) ; <£ LK r o 1 B 7^0 
^-^^-(Capanab (1994) Plant M 
o 1 . Biol. 25 (4) : 6 S 1 - 6 9 1) ij^f 

hi^^o^mm^ms. 337, 8 7 6-§-;i^^5, 7 

50, 3S6^;[H]^5, 6 3 3, 3 6 3-^;[H]^5, 
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4 59, 252-^; [5]^ 5, 401. 836^;|h]||5 
, llO, 7 3 2^;i5Xl>'^mb, 0 2 3, 1 7 9"^ 
^> t tzm3.<n:i to [0 0 4 3] rfl?-3M«?et)J 7° 

y D ^ - 5' - ) 4- lb J/IC fflT-IS^J 7°a ^ - 5' - 

Thompsonb (1989) BioEssa 
y s 1 0 : 1 0 8 *B^ffl»'t'T-##i: LT 

c Z 1 9 B (h 'i7-^-nn-> 1 9 k D aHf 'f >) ; m i 1 
ps h-^u- 1 -*:7,-7i->>'>:5'- 

•t*) ; jo<tl/c e I A (•^:r;^a->!.->>:S'--t*) ( TS 
eed — Preferred PromotersJ t 

(D^m(nmn'^,m^<n^w. (7itiiaiiM#^^6 o/o 9 

7, 2 3 3-^, 1 9 9 8^8^ 2 0 BffiM) {Z.ixh 

) c. ^'-^--t'l' > (G a m a - z e i n) \i. Uft Lv^ 20 
mi^^my'^ ^- f --C'^Z>, G 1 o b - 1 li> <!t* 

(napin) > ,J - 3 > i^'^u •> > , 
•f- > , ;U -> 7 i U > ( c r u c i f e r i n ) t'c 

•> 1 5 k D a -t' i' > . 2 2 k D a -tf , 2 7 k D a -t* 
-T^, g— Hf^'>. ''p-? (waxy) > ->j--7>*'> ( 30 
shrunken) 1, ->i7>i'>2. ^''a7''J>l 
4- t'c [0 0 4 41 Rfl^S J: l/$mm (1- 4- t. , 

z>fz)t>\.zmm^i-^%z>^ ffiitco^ifeSS'lit-iJV^T, RP 
A^lfrT-ST'clic DNAI4, ±iiEO 5 1 2 60J;t4'I? 

li, wC0St1±^|fet4tIfeli h '^'^ a n ->-e*^o ( 0 
0 4 5] tMoT. i/^<07!i^<7)^SfeSg^^(CjoV»T, 

^ixtz. fflifMiia (i?!lxli'> Xe a mays) CiJtt 

^ 7' D ^ - ^ - t g ^ ^ tr c ^ n fb (75 ^ #a ; *5 V ^ T 

^fflT-*-&7'D^-^7-lC(i, :^IS0^(754^>j'^7'-9" K<7) 
l§3l'^IEffi!)1--5)I*lE'l47*o^-$'-^^^lt''bn^o [ 50 
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0 0 4 6] \^^<.'Oip<D%y&WM\''~ii\.^X. ■fu^~9 

T:/jM*p-t'5)o 1?iJxi±% rtH'l47°D^-^'-ii. ^'>e 
*'T\ i5j:y-'/*;'^liffi^(-ioTiJ^b^ 
(Km i e 7|tll|!i$lt^5, 5 6 5, 3 5 0-t 
; Z a r 1 i n gib^ PCT/US 93/038685: 
#B,s<7)ct) /i\ J />:li*^t^^^7t: 7'D^ R 

p A h (D'M.mts:i5\^^ i o-'sgsiT-ffli^^fflsa-^a 

-e^TJS*. RPA<7)-^fi*JJ:C//S/;:lia^$r^ 
^t?-ti:#^o Vt-oX. ^mm. Mfl7'o^-^'-4-3j; 

[0 0 4 7] ^^(7)|§J1^^5'->5r^i-^7'a^-5' 

ifT-)§^T-ab'2>c 0^iJ;i(±\ The Maize Han 
d b o 0 k , C li a p t e r s 1 1 4 - 1 1 5 , F r e 
e 1 i n g Jo i tAV a 1 b o t fl, S p r i n g e r > 
New York (1 9 9 4 ) ; C o r n and C 
o r n I m p r o V e e n t , ^3 ){5, ^ 6 S p 
r a g u e ^3 <t u'D ii d I e y -M. A m e r i c a n 
b o c i e t y of A g r o n o m y s M a d i s 
<■) n , W i s c o n s i n (1 9 9 8) •t'#P.?.(75 ^ b -. 

!t^(75|Hi7E-c^)^c. :^v£MO|EHocf (ciiWT/i^^)'?) : c 
DNA7 -fy^ ';---<7)^Sfi<j^NY7'') 5'*-l'-b'-v 3 > ; 

(subtract ive) ^^'^"7'U^^'^ -t'— v a 
> ; ^Mr'i' X7°l-i' ; ^Mfi^2 Di'^/f^'Kr^i'*^ 
?1.JJ) ; D N A 7'a - u I* ; ^3 i i/lf fitjffl^c ii ^ 

hi)^(Di^^'&,i^Lxm^^i\7oZ.ti)^(L-^%XhZ> 

ab^c 7'D^-^'-t[5]^■t^/■c^6(Cl1T|g<75S^p°^l±^ M 
K^if ic&ftlT-* '9 . <5lJx.lfs C ] o n t e c h' s ( 
Palo Alto, OA) Universal Ge 
nomeWalker KitT-^s^&c [0 0 4 8] 

9>^<i^mzm':^'<ijmzii. m^^ntz$'>y'!i'n 
A D N A ^ ^ m.m^ i; >4\ ifziiVftL< imimm- 

hmWl^ntz'7 ^ y'y -I'j'h c DNA:^o->5r|H)^ 
•t ^ 7)^(75 v-^-r^i-TJ^T'. [l]^i--E>/::i6<7)7°D-7*t LTffl 
\.^hil'i^^i^^imn-t^fzi^<Dm^tt l,XZ<D9>y<: 
'7 ®B£?iJ ^ ffi V ^ ^ t Tj^qg-iiT'* -5. o - B. ^ <7) i d 'Sr c 
DNA D-^^^'i^^^^tT'j^- Z.(nW^\\7cWi^^X . 
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l5l*DT-*;j.o [0 0 4 9] ^'7i.<nWk^\%^ L < li 

V T-§§J1 ? n 7' D -=6 - 5' - ?r ^ 7° D -t 7. T' l± . 
RfSfOJEl^KT, p;Ta^7)M^t■4^^ * /:;lipJfSc07^■r-v■e 
|g3F|^.n-^>#•<<;?^I^5T-;6^[5)^^n^c ^h^i:^9tm 

-5'--t-[W]^Li#^. [0 0 5 0] -yu^-f-w. 

ii'^, $f.^P?3JtegMS<75ft 2 0-4 Ot£*i^±ijrLi:©S-t 

'I., 5~ 1 0 b pcOAT-; •y^'i'T. h U-y^T'^-S). T 
ATA.+'y xri >-t>-if-7Se^lJ (TATAAT) -^a 
t': T A TA. +■•:.' •> X<7:;fB)^!i, .^ft^j-SfT-ig^DT-* 

i5ij.ti±\ ^cojcu^ > ><7)(2tt^jiS1-^ 1 oco:^ 

ii: [i .. v 7 1- V - ft , SI 55^t)T, J: O'/ S (± R N 
a s e iSiiO i 0 4n t^i*e^ 4- R N A -y f > if^^A 

ffl V , is^p^ii^gnfi: 4- i^^-r ^ c t T-^) ;5. a t ^ 

<73^*4-^-tj-o 01lx.li\ The Maize Hand 
book, IS114¥>F reel in giJitTWa I 
b o t S p r i n g e r , N e w Y o r ii , (1 

9 9 4) i^m<Dz to [0 0 5 1 ] tit;-ci±^ ft 

TATA**7^'7.;6^ib$f)U±i/ic<7>-S 0- 
-lOOfilc, h 7 ^ KG (*/cl±T) NG4- 
m. '9 Htf — ^gcoT T-'- > ^J#o 7"n ^- 5' (i- 4' 

^c.t,CAAT--K7 ^'7x) 7!)^$>^o J. Me s s i ng 
"b. Genetic Engineering in 
PI ant s, Kosage, Mered i thioJ^O-' 
Hoi 1 a e n d e m'i. 221-22 7M (1983 

7,I±4h^75\ TATA+'y 7s(75±iiitUv^ < otJ^O*! 
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■7 >7>{^ffl'l4$f.¥HT-t7)7'^i60^^-7^r^-tj-c [0 
0 5 2] -S.yD^-j7-^5j;Uf/i/clijlf£TgB?iJ 

(ilKIRMSSSMiUi^ L -C 5 ' -S -irV A D N A 75^ "biS 
IS ^ o [0 0 5 3] +° 'J ^7°^ Ki§^75*ma $ 

( I ' J T - )\^itmit i:^tbi>Zt ^mm. ^ixi>c 

^mBir. t/^l±T-DNAlcS*Lt#^c ma^n^s 

T-^) L < li + Mr; > ■> > $'--^mif.^. t /cligiJcoM 

Kl^^Wt-fS^-lcSife LW-So [0 0 5 4] -r > h 
20 n > nim±. 5 ' l^iaiR^Iit t fz imUf. :3 - Kg£?iJC0 n 

. y h 4'(7)7v-/7 -!'■>> 

tj:-i > VX2>ik-^ibZ>t. 1 0 0 Of^iT-mRNAU^ 

^ w t^^^^n-TV^^;. Buchman'b (1 9 8 8) 
M 1 . C e 1 1 B i . ) 1 . S : 4 3 9 5 - 4 1 0 5 
; C a 1 1 i s I 1 9 8 7 ) G e n e s Dev. 1 
: 1 1 8 3 - 1 2 0 0 , ~<r>x^ vSlfST-l^flO -f > h 
30 a>m±ii^ ■ftStStltKi. m^^-y h<D5' ^timii< 

Adhl-S-OhOl. 2, Bronz 
e - l-f > h D >(Dmmi}''M-!^,»mr''Ii^X-^^o — 
(C, The Maize Handbooks ^116 
FreelingioJ; ilAV a 1 b o t iffl, S p r i 
. n g e r s N e w Y o r k ( 1 9 9 4 ) 5r#PS(7)C 
tc [0 0 5 5] 2|s:§gB^(0.+''j7 ^' l/^f^ KTi^fbcO 

(DM^i- o I, (7?JM*? V - * - mB=r i'^M^^c 
40 -v-:;^/-«f£i^i±, V'-f^imi- ( 

0iJ;il±\ ^^^•7v>^i^7--^b7>'77i7— tfl I (N 
E O ) ^ 3 - K -t -?) jl fS^^ ii J: t>'y N ^ D -7 -I" -> > 7, 
.-h h 7>7.7i7--b* (HPT) Ki-^ilfST-. 

z-^ U (glufosinate ammonium 
) , T'o-t^v-;!'. < :5^V*'J 7 >, *5j;cr2, 4- 
vi'DD7jiy' + ->T-t7-- h (2, 4-D) ) {:*t-f 
-&ffijm4-^+'5.itfET-) Y a r r 

anton (1992) Cur r. Opin. Biot 
50 e c h . 3 : 5 0 6 - 5 1 1 ; C h r i s t o p h e r 
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sonb (1992) Proc. Nat 1. Acad. 
Sci.USA 8 9:6314-631S;Yaoib 

(1992) Cell 7i:63-72;Rezni 
koff (1992)Mol. Microbiol. 6 
:2419--2422;Barkley'b (1980) 
The Operon. 177-220M;Hu»b(l 
987) Cell 48:555-566;Brown 
(198 7) Cell 49:603-6. 12;Fi 
gge^b (198 8) Cell 52:713^-722 
;Deuschle(b(1989)Proc.NatI 10 
. Acad. Sci.USA 86:5400-540 
4;Fuersttb (1989) Proc. Natl. 
Acad. Sci.USA 86:2549-2553 

;Deuschleib (1990) Science- 2 
4S:4S0-4S3;Gossen (1993) Ph 
. D. Thesis^ University of H 
eideIberg;Peinesib (1993) Pr 
oc. Natl. Acad. Sci.USA 90:1 
917-1921 ;Labowtb (1990) Mol. 
CeI].Biol. l0:3343-3356;Za 20 
m b r e t t i b ( 1 9 9 2) Proc. Natl. A 
cad. Sci. USA 8 9:3 9 5 2 - 3 9 5 6; 
B 3 \ mh (19 9 1) Proc. Nat 1 . Acad 
.Sci.USA 8 8 : 5 0 7 2 - 5 0 7 6 ; W y b 

0 r s k i ( 1 9 9 1 ) N u c 1 e i c Acids 
Res. 19: 4 647-465 3 ;Hi lie na 

n d - W i s s m a n O 9 8 9 ) T o pics M o 

1 . S t r u c . Biol. 1 0:1 4 3 - 1 6 2;!) 
e g e n k o 1 b lb (19 9 1) Ant i m i c r o b 

. Agents Chemother. 3 5:1 5 9 1 30 
-1595;Kleinschnidt'b (1988) 
Biochemistry 27:1094-1104 
; B o n i n (1 9 9 3) Ph. D. T h e s i s > U 
n i V e r s i t y of H e i d e 1 b e r g ; G 
ossenb (1992) Proc. Nat 1. Aca 
d. Sci. USA 89:55 4 7- 5551; 01 
\ V 3 h ( 1992) Antimicrob. Agen 
t s C h e m o t h e r . 3 6 : 9 1 3 - 9 1 9 ; H 
iavkab (1985) Handbook of E 
X p e r i m e n t a 1 P h a r m a c o 1 o g y ^ 40 
S7S^ (Spr i nger-Ver 1 ag. Ber 1 
in) ;Gill'b(1988)Nature 334 
: 7 2 1 - 7 2 4 to Z<DXo^^m7fsl±^ ^ 

s^*ffl»^i:##t Lxmmirho [0 0 5 6] ±i: 

n^o 10 0 5 7] ^mmi^i^^'^^mT:i^(D^m 

* »■) . LT R o g e r s b (1 9 8 7) Met h . i 
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XtiM.^i'i^ Agrobacterium tumef 
a c i e n s coSi^lSil (T i ) y^y 7. ^ KtlSSti"^ 

h^o -^mmm^X^mt^. f^iJ^S^A. t ume f a c 
i e n s^^ 9 -it. Schardl^ (1987) G 
ene, 6i:i-lli5i:L^^Berger^5(19S 
9) Proc. Nat I.Acad. Sci. (USA 
) 8 6 : 8 4 0 2 - 8 4 0 6 ^0-7'^7s ^ Kp KY LX 6 
:io±?/pKYLX 7-efe^o ^^ffl»4'OgljO^-ffl4'--^ 
9 9 — Its Clontech Laboratorie 
s, Inc. (Palo Alto, C A) i)-hX^'^ 
SgT^^y^X = KpB I 1 0 1. 2X^ho [0 0 
5 8] ±M(Dln\Z. ':i^mm^^')y^9\yir^Yits 

-e<7:)*S«RNAOT>^-t>xm7i^-$f.¥^n.^o 

AcoT>-f--t>xm7?^s^^n-'^c ^mdm^^xit. t> 

-^^r> 7^R NA7!''@B^c7:>SI«'ir^- Ki-^^mRNAOS 

mA-mf^ ^ i: i: o raffc-f-ffeja^Pis-f-":-* c > -h'^fr^ 

^m^^^'C. S h e e h y b (1 9 9 8) P r 
o c . N a t 1 . A c a d. S c i . (U S AJ 8 5 : 

8 8 0 5 - 8 8 0 9 ; J: U^^H i at th. *BI4#lf ^ 
4, 8 0 1, 3 4 O-^^#0?.<7)- t) ^ [0 0 5 9] 

-^^^m<Dl5m-^i^^^X. RP A«^^^tCo\.^TOO^#: 

VMi. zmm(OU1i^tfzityyV^>hi}\ DNA« 

mmz^\^-xitm^i^'i^^o [o o g o] mfrs^n 
^^9n(Dyyvy>hisximmt-i^ttz. ^^^m^zx 

lzX^X::J-Y^iv^9>y^^ni>tfzMM^ix^o ^ 

9 KK?iJ<7)-7^^'p^ > l>(i, ^Wx^ y*9 >VN'^ 

:::j-KL^#. \iL<>X. D N A'ftllt^l^lp L^#'5>c ^^-^^^ 

-km^-thyyf^ y\9 >^<^ni:^- KL^t^^ t/t 
oT. :^9V-t^VW.'^^\<Dyyi^'^> hit. 'MKi:<ti, 
0^9 \^^^ V\ *-j5 Op^^\y:^'t Y\ 1 0 0:5? 



( 1 6 

29 

KK^iJi T-<75iEH-e^) 'Hf^o [0 0 6 1 
1 ^fga^coR p A ^' y/^^m.(D^\^^m'^^'^-^^W7t 
^3- y-fh. RP a:k^ u^f- Ym\\(r)V V > h 

'pU<.h^ \ 2 5, 3 0s 5 0> 10 0, 15 
0, 2 0 0, i/il±2 5 0COJlSti--i)T 5 ygS, 
*ISI|go^ftR P A 5- >/^•^S^C^ffi1-'ST 5 yeS(7)^!f. 
IIST- (1?lJx.lif, Be?iJ#^2, 4, 12, 14, 16, 
18, 2 0, ii^-if2 2Uov^T(i, -?-it-5-'ii6 2 3, 
517, 273, 273, 273, 318, 273, 2 
7 3T5ySt) ^3-K1--2.c VQ^-f=7 -i-^-mz^^:) 10 
(T^^^-r?*'; ^^-f-b'-v 3 >7'o-7*t LT*fflT-*-S>R 
P AjI- ^7 \y:^^Vnm<oyyi'';* > hli. — ^xlC, RP 

(±=fcv^o [0 0 6 21 iiEoT, RPA^i>l/:t^K 
@EM«0 7 7^*p<> Mi, RPA^'>•>'^"^'®0^!^^#:B■)U 

ii? CRy'y -(-7- 1 Lxm^^hixn^y ^ f ^ y yx- 

Oif^c R P A ^' >^'5i' SO^^^eDUiS-tt^^PS- 
li, 1^?feB^cOR P A ;J :^ U-^^-f- Ym(0 1 o<7)gp^3-4-* 20 

L, -r <0 R P A > ^ < i' Kco n - K ? nf^gf^ij'^ M?l 
$-tf: ((5lJA(±', -OfhaT-ffl^X-ffefltCi '9) , 
•CR P A 5^ >v<i'H(03- K?:!ifcg|5^-<7)?§t4^riffi-r 
^ >: ir J; I) PS ? . R P A :x ^ VW.ncr> 
-7^7 y^y Y-Z'hhmtif^it-. ^-4- < t t 1 6 , 2 
0 , 5 0, 7 5, 1 0 0, 1 5 0, 2 0 0, 2 5 0, 3 

0 0 , :i 5 0, ^ 0 0, 4 5 0, 5 0 0. 5 5 0 , 6 0 
0 , '5 5 0 . 7 0 0, 8 0 0, 9 0 0, 1 , 0 0 0 5^ J' 
V ^ f- K. t tzi.it-m^'^r-mrr^ ? R P A ;^ 

J' U- -f^ Kffi^iJ C l^fti- ^ ^ ^ Kc75|?i «?!) x l±', 30 

Se^iJ*-^ 1 , 3 , 11, 13, 15, 17, 1 9 , Id i 
0'2 1 lcoi,'-Cli, '?-n-e'^i2 4 9 7, 2 2 0 2, 1 1 
24, 979, 1051, 1087, 1074, iaiC/ 

1 2 3 IJ?^' U:tf-K) ST-^^^tj-o [0 0 6 3] 

fM:<75fji6U, $§§B^C7)R P A#'J^7'-f^ K<73 1 OCOT 
^J;^'5:.-K'J pi V— fnlilRfL- (PCR) iSJiO-Vs^'^ 

^ t(cj:oT^«?n/i7i^ *|gB^<7?RPA^'>^^'^'K 
B^O!|f7EC03? '7 ut^ K@ef|J<oeS:^fl^^±, r-'v 7^ ))^Y-'< 

T7 > ;^ > h V'D^'-7 AlCic.T)??:^?n^ i ^(C, 

^<7)!|f^(75;? u:t^ hmijci-f LT::]'-^: < t t 4 0 50 
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%, 5 0%, 6 0%, 7 0%, -|3:Bt)Uli, ii--^- < t t> 

7 5%, 8 0%, 8 5 %, L < i±, l;^ 9 0 - 9 5 % 
W±, LT i '9 L < li, 9 8 %J-J,±Offi^iJlH]- 

14^W1-^o [0 0 6 4] . r55:^f*J 

1 o j.:j,±(75 t 5 y @$<7)X* t lilttn ; * v ^ (± :tw -r 
-f 7'^' ✓/N"^' K<7) 1 oi.:).±c7?grjfi'C'c75 1 oj,j.±oT 5 y 

^<7?ttJ^tcJ: 0 ^-'<y-'<-y9 y^':^'S.^}^hmm^i-^fz9 

yj^i7n^%m-fz>c ^mn^^^tix^zkm.W9 ^^'7 

7'R P A 5' >VN'J' K(75^1^:f:B<J{:iS'tt>5:a:^it-l4, 

LTii--4'< t w 4 0%, 5 0%, 6 0%, 7 0%, —IS: 
b5(C(4, iJ'^^ < t ^> 7 5%, 8 0%, 8 5 96, fiF*L< 
l±, ^:-) 9 0 - 9 5 %U±, -€■ L-C <t intS L < l±, #^ 9 

8 %j-:J>±<75se^ij|5]— tt.i-:g-r^. ^^b^co^' ^^^^'Kctj 
^ife^etjUifi-ti'S^eiiiE-f^ii, (5^<75 1 - 1 5(i<75T 5 y 

iSm», li^col-l Oe, (?IJx.(±', 6-1 0(i, (5/v 
CO 5 ji, (J/v.<0 4 , 3 , 2 , ttzlt-i (i(7)T ^ y 845^*- 
;'i(t, -rcT)^' >/-5i'K>:^^.'iH#-?>; [0 0 6 5] 

I^MB^O^' Vy-^i'Kli, fI'!?<75:*3-S (T 5 /RgoOEl^, 

i,. Z(DXn^£m'^<Dfzib(r)-j5mi: -flSi;, ^S53~Pf 
-Cii*DT-*'Sc I5ljx.(4', R P A J' >/N'i'S<75T ^ ^^16 
?iJE^3ef*:i ± , D N A i5 1 1 ^ i o Tli«^ $ 

^-mif l§ii J; c>':5f L-:t^ Ym\\^^<r)fztb<Dijm 
14, SK»ifT')5l*PT'*)'2)c f5iJx.l4', Ku n k e 1 (1 
9S5) Proc. Natl. Acad. Sci. US 
A 82:488-4 9 2 ;Kunkel^j (1987 
)Methods in Enzymol. 154:3 
6 7 -3 S 2 ; *ll!|#lt^4. 8 7 3, 1 9 2-t; Wa 
1 k e 1- *5 J; [>'G a a s t 1- a fi (1 9 8 3) Tech 
niques in Molecular Biolo 
gy (MacMillian Publishing 
C omp a n y, N e w o vk) i.Xf^<D^X' 
?lffl?nTv^-&##:5:K^#.8S(7)::i:o Sfi1)c755' y^^^ 

■t'S.tigtli, Dayhoff'b(197S)Atlas 

of Protein Sequence and 
Structure (Natl. Biomed. Res 
. Found. Washington, D. C. , Z.ix 
(4, LT^B^JUfftfUtfffl^n-l.). O-tT-'JKCl. 
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t^nnh^ [0 0 6 6] f/toT, :ifWn<r)'M\i.^ 

wMn i i/Kmm<^nyi ^ a^-r ^ o ^ <75 1 ^ 'S^e^c^- 

il&r^m? 5. 4 4 4-t^#flStf03tc [0 0 6 7] 

i¥fffi-t-5>^ >:(:J:oTp'<'b^T.t#-2>c (5lJx.(i\ Bran 
nf? (1997) Biochemistry 3 6:8 
4 4 3 -8 4 5 4 : L o n g h e s e 0 9 9 4) M 
o 1 e c u 1 a r and Cellular Bio 
logy 1 4 : 7 8 8 4 - 7 S 9 0 ; S t i g g e r 
h (.1 9 9 8) J . Biol. C h e m. 2 7 3:9 3 
3 7 - 9 3 4 3 : A b r e m o \ - a "b. '1 9 9 7! P r 
oc. Nail. Acad. Sci. USA 94:7 
18 6-7191 : N e \v (1 9 9 8) Nature 

3 9 1 : 4 0 7 - 4 1 0 ; B c) c h k a r e V a ( 30 
1998) J. Biol. Chem. 273 (7) : 
3932-6 -.Massib (1998) Mol. Gel 
1. Biol. 18 (11) :6399-407;La 
vrikib (1998) Nucleic Acids 
Res 2 6. (2) :602-7;Sibenalle 
r^>(199S) 37 (3 6) : 12496-506; 
Matsunagab (1996) J. Biol. Ch 
em. 27 1 (19) ; 1 1 0 4 7 - 5 0 ; ±3i J/S u 
ng (1997) Genes & Develop me 

nt 11:1111-21 (.-^mmm^r-^^h lt 40 

^m^ixh) ^m^.^Zto [0 0 6 8] 

1oJ.:JL±co^'^-5R PA3- KSE?|J75^ fits 
<7)!|fi4^^1-^fm'i R P A ^■f'pai-t^ i 7 Utgi^ ?n 

•J -lis ^SB?)4-E?iJIWl-1±urWL:*>o-f' >lfhnt/-c 
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m^--7(i. :$:|§B^(7)R P Ajlf£?-t1fe(75&^OR P 
AjlfST-t(75PBlT-->-ir y7'J Vi'-^nT. Cinci 0 ^ 

f-U%io CKDi^'i^DNAv-V u'^U >^'lzov>T<7? 
Xh7-f->'-l±. S|g»if-C&*DT-^)-6c 0IJxl±\ St 
emmer (1994) Proc. Natl. Acad 
. Sci. USA 9i:i0747-1075i;S 
temmer (1994) Nature 370:38 
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1989)Nucleic Acids Res. 17 w York) ; '"^ h I/IZ I n n i s is <t VG e 1 f a 
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(T») iOte. 7, 8. 9, t 
fzlil O'CI&vvN^'-T'-j r-Y-b'-va >i3J:C>'/4/.:li 

ftliSg (T») J: f) 1 1 , 12s 13s 14, 15, 
ttzli2 O'CI&vvN^'r'; ^''^■b'-v 3 >43J:?//i;t 
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/ s — -L- > b f^r.J'ijrel- ii(0!:li^<7)/-«6(75, ;x ^ b YW. 
^ij* /::l±5' >^<^KSe?iJ<75Jt$2liv ff-^ L < l±. GCG 30 
Pi 1 e U p 7'D ^'7 .i-, V3>10. 0 0 (•€" 

7 -f ^ > h i:.tt!pxLf.:J*^N |n)-<7)JJ ^' l^^i"^ /^li 
T ^ y^5S*c75— ?jci5j;!/|B]— <75.'^'--t> h@B?iJ|B]— a 

^'-7/^^ii;[a-r'Sc looss) (c) ^B^ffl*^' 
-ei$ffl^n***^\ 2ooi^mie?iJ4 7'^ii--^°'>''^"7°^K 40 

K^iJlcMi--^. rE?iJ^-14J tf^^t riB]-ttJ li> tif^ 
V -T > > > Is] C-C-^j-S) 2 ooS^^iJco^S* 
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!^l*x=37#ttL. B£?iJ[i]-14<75v<--fe> 

0<757.3 7*4x.^**-&> i«i?a5fi^l^(iO t 1 h(nf^ 

7'^^'•7i^ PC/GENE (Intel 1 i g e 
net ics>Mountain View, Gal i 
f o r n i a) ^C±5W^T^^T^^^^ i ^ l^M^Ui^^i'l'o 

[0 0 8 9] (d) -if.mm^X'im-ti>m'k. r 

/io-CftJiti7 7 -f ^ y b$n/.:2ocoE^iJ^it$Xi-^ 



?ij<75*ja=fc7 7 •< > K^-^^^-'T, #.B.?,K^iJ (^^ii, 

[B]— t4^7)/s--t>x->'r^#■^)/'-*^;>!-^ 1 0 

O-l-rVlt/^ lh!; J: !) «ai^n^1>. [0 0 9 0] ( 
e) (i) ^^') "7 V7r^VW.WK ffiffi r^KH?)lHl-- 
14J (i, -it U ^ U K/iN tf=f#6tl^:^'i7 ^ - 5' - 1- 

ftflii"'5>, IEK^^T-'B7 7 -f ^ > h ^7 A(7?— o?r 
\m LT#,B,S@E?IJ t Jrlllx U-C, ^-'t < h 7 0 %<7)S£?iJ 
fttS U < !±^''fc < > 8 0 %, i I; iitt L < l± 
iJ'-^: < t ^) 9 0 %, LT o feftf 4 L < liil--^ < t 
^) 9 5%^W-r-S)Se^iJ^^tr^t^**1"'^o aiK^ 
li, C::«lt<7)M7i^ ^iK^colifi, 7 5y@$^1U14, 
-r'-i >'^'y\y-^ c7)lw*fti6;5: h'^#!t-r :i i: (I Jt 

y N° ^' Kco jtjTL-i- ^ ra— tt ^ffc^-r ^ i6 (CiitJtl i-pg $ 
tElft-t^c ^nib<75Sfi*)<75/::«6(757< 

0 »4 L < <ti>70%. 80%, 9 0 %, L 

:t(*i"-2)o [0091] vmumm^ 

S^fi; ( T J i i; 5 "Clfi; < jg^^ ? ^ ^ c L tJ^ L , 7, 
hU>->'x> h'fc^f+li, *^l'C^*-)2 orcT^fEHiC*) 



(: 

4] 

tT-^j^c [0 0 9 2] (e) ( 

\ \ ) mm r^Kst)uiw]-j i±, ^t"^ Koif 

LT. ^^4- < 1 1 7 0 o/otTJgfi^iJlBj—f^^ #fl?je?'juw 
L-C. <itiL<l±8 0%, J: i)*?^ L<l±8 5%. ^) o 
t i>»S L < fiii'^'t < 1 1 9 0 %i /'^li 9 5 %OSB?iJlE) 

-f ;^ > H±. N e e d 1 e m a n O 9 7 0 ) J . M 
o 1 . Biol. 4 8:4 4 3 C0+i|B]14T 7 -I" ^ > > T 

^KB-)(:!istt)j T;-^^>'-<7'-^ Ki±. |B]— -c-4n^5*a-ee 

T. ±Ko i o 4-@?^'Jl-*Wi-'^>: [0 0 9 3] 1^ 
lfiB^<73tliK^ffl^^'C. ^«ffi*B8S.x ^^*IBUa^ 

Ti: i6 (; A;^fi<]^^ A i; i -p T jlfSKj (c^'fb ^ ^tt V i ;s 
T'*;5,o [0 0 9 4] ^H^li. *ISB^^O^'>^^'^ 

<7):^v£^i^?iici5iB^i--&c tiiLt-v^o [0 0 9 5] 

'4.m.^Mzm^(r)^^m^^ '^tSfitJ^::(i^ 0iJx.l±\ DNA 
JTL-Iic DNA^7'a^-5'- (^nii, ^iSfl*] * 7^ 1^ 
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^ ^ -tir-S. i t ^ < *ffeB^co 5' > ^ < ^ K ic 4- ^ n!# ^ 
Ct^fSlt-t^o i.^<0/4^<7)e^^i±, lt^;5'>v?^'K'^ 

y^ee^ij --K'Jh i s) [0 

0 9 6] §^m<7)tzi6(om^t Lxm 

v^ibn^f^o If.t^^l^ii. fl-^WE. c o 1 imzX-o 

xm. mm izit^i^i-i^^^ ; itfecoi^^tit* i^ttzm^^h 

iit)<75-7°D ^- J' - (-Ji-SiCS i:.T l/- 5' - iW^^) 

't^tsz.t-/}^^mm^^x-'m^^i'>-^o^ —H7LB^i,zm^'h 

'J-f-4f) toiD-^^'h-X (1 ac) T'u^-^-ff: 
(Changib (1977) Nature 19811 
0 5 6). h •) 7' h 7 T > ( t r p ) ^' ( 

Goeddel^b (1980) Nucleic Aci 
d Re s. 8 : 4 0 5 7) ^ribtfUAfi^ftP LTD 
^ - ^' - J: u^'N .itgT- ') ■/- ^g^^iMS ( S h i m 
a t a k e b ( 1 9 8 1 N a t u i" e 2 9 2:1 2 

E . c o \ \ ^[Z\- "7 > 7;-7 y \- ^ ix-tz D N A'-- > 

30 -ui=(t-E>s^-7-*-(75i*ia'o t;"^. -^mx'hz>r. Z. 

OJ: 9 4--7-*-(^f?iJt LTIi, T>t: ■>')>. 7" h 7 

^ir^^bL^^jie^^^^trc [0 0 9 7] ClcT?^^^' 

$ii-l>c fflffi'-?^' ^'-ii. ft^etltCT'^x 5 KJ/JI±7 
T - V Se?f.T-* c ®^^3 4' aOffi^fflSa . 7 T - > ^' 5' 
-Hkl-X'^m^-^i>i)\ t tz l±W<7) 7 T - v-^ ^ 5' - D 
NAT-h7>:7. 7i^7 H--2)o 7°7X5 K-^^' ^'-7)^ffl 

40 NAT-h7>;'>7ii' hi- -5.0 ^^^(^ 9 > ■>^^ "Ai^ 
fl?-t*-^/c<6cO§S5Mifi. Bacillus s p . i5 
it/S a 1 mo n e 1 1 a $rfflv^/^ ^>(7?75^flJfflnlB^T-fc 
^ (Palvaib (1983) Ge.ne22:229- 
235;Mosbachf5 (1983) Nature 
302:543-545)0 [0 0 9 8] !t^c7)K 

50 ^i/;:MMffli&(±> :$:^0^O$'>/N'i'^«75S^co/^*'j(;)|S 
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m^^t Lxim^nhc [0099] gi«ii:toit^ 

>^^^V:<D''^m±m^UX'$>^o S h e r ma n, 
F. b(. 19S2)Methods in Yeast 
Genetics, Cold Spring Har 
b 0 r L a b o r a t o r y g^^tli^v^T^ 
^ e ^ ^JS^ ^ tc f IJffl Pl ^ fl ^ C7) 4- KSi- 

(Dm^<Dfzi^{Z2-::^<DJtml.zmK^il^mm±. Sac 
charomyces cerevisiaio<i: l/P i 
chia pastor is 'X:^^^o S a c c h a r o 10 

my c e si5i:l/P i c h i a {Z^if ^§^m(Dfzis^(7:>^ 

0. ^Lxmm^mmw m^if^ i n v i- 1 r o g e 

[0 10 0] :$l§B^(;o^>/^^^H^i:. -B.fg:J:a 

mmm ^ ^ u ^ ^ t ( : j: o t mm^^^ h 20 

mx^^^ 7 > ^ ^ A y T -y -t ^-6 t C i: oXjt 

^, c 6^--^-7^^- ]-co±i&</>rz^^{z^m^j:mm^m'min 
< (oim^6:^±mm^^:^\ M^^-^^^xm^^^ixx^ 0 . 

^LXZixhtLXU. HEK 2 9 3?teft. BHK2 

mmiz^^^x(7^^m^^ ^ -i^. nwn^.^.. y'^^e-^ 

" (mx.U\ CMVyn^-^-. HSV tk-7^n^ 

Queenb (1986) Immunol. Rev. S 
9:49). ^^bmcU^^'V-A^g-g-SMa. 40 

.-KUTx^^HtSMi (0iJ;i(i\ SV407 
-vT Ag A^ftnfMi) . :feJ:t/$5:?*m@S^iJ 

m<D 9 > ^-^^ n^±Ji^(Dfz^{ZyHm^j:i^<DmMmki^. 

American Type Culture 
Collection Catalogue of 
Cell Lines and Hybi'idomas 

imim. 1 9 9 2) ^^hmmm^xh^o lo i o 
2] p^i^Mmzi6\.-x^^m<D 9 >^^'^K4•l^^if 
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=7 , 3 h J: C/D r o s o p h i 1 a OfflflS 

W m^i£. v^-f< ^'-fflSa^t^ (Schneider 
h (1987) J. Embryol. Exp. Morp 
hoi. 27:353-365 ^#BS(;> - t) ) 
tso [0103] SlS^fflv^^ J: o tCv i^^Kit/m 

T )\^mmtfzim^9 - ^ 9 -mm. ixm 
m{zi±^9 9 -{zm&tn^o ^^-9-nm<^i^^i 

4 Ofi^ltOVP 1 > hu>T'4)^ (Spragueb 
(1983) J. Viol. 45:773 - 7 8. Do 

^hiz^ '^<Dm3Emmi.z^if^mmimB!j't^tzi!b<7^m 
y^m^^ ^-ciov^-c^tb^n^^^ ^-) (iffiiiiin 

!#'S>c Saver i a — C a m p o , M. , B o v i n 
e Papilloma Virus DNA a E 
u k a r o t i c Cloning Vector 
i n DNA Cloning V o 1 . I I a P 
rat i c a 1 Approach, D. M. G 1 o v 
e r ffl. I R L Press, A r 1 i n g t o n , V 
i r g i n i a 2 1 3 - 2 3 8 M ( 1 9 8 5 ) c [ 

0 10 4] ^mnmiwt^ \±^,(7^m'^cr)W\'^j}izMx 
[0 1 0 5] m'^(om^t LT(i. \^XTi)m^fhi\^'^ 

i)\ :m'b(iP^^^n4'V^ : Y^^ua'y (Zea m 
ays),Brassica sp. (f?ij;t(i\ B. n 
apus>B. rapa^B. junceaj 
m=^-'<^(^^.^W± LT^ffl^^B r a s s i c aft) . T 
)Vy r )l'y r (Medicago sativa). ^ 
(Oryza sat iva) . "7'1'^^'(Seca 
le cereale) . -tnnv (Sorghum 
b i c o 1 o r > Sorghum v u 1 g a r e ) . 
^ \d (0lJx.(i:\ h ^ V > ^ tf (P e n n i s e t u m 
g 1 a u c u m) . ^ ( p r o s o millet) 

(P a n i c u m mi I i a c e u m) > T "7 ( S e 
t a r i a i t a 1 i c a ) ^ V ^ (E 1 u s 

ine coracana) ) ^ (Hel ia 

n t h u s a n n u u s ) ^ (C a r t h a 

m u s t i n c t o r i u s ) > ^ ^ ( T i- i t i 
cum a e s t i v u m) ^ V X (Glycine 
max) ^ (Nicot iana tabac 

u m) ^ V ^:if'i ^ (So 1 a n u m t u b e r o s 
u m) N tn"— y y (A r a c h i s h y p o g a e 
a)>^^(Gossypium bai'badens 
e ^ G o s s y p i u m h i r s u t u m) x 
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Y^dpomoea batatus)^^-V 
(Manihot esculenta) . rj — l^- ( 
Cofea spp. ).:=J=J-^ (Cocos n 
u c i f e r a) ^ ^ *y 7°;^ (Ananas co 
m o s u s ) > iJ>^ yM(^^ (Citrus s p p 
. ) , rjrjy (Theobroma cacao) ^ 
^(Camellia sinensis)^ ^'^'ti' ( 
Mu s a s p p. ) ^ T:^^ti V (P e r s e a am 
e r i c a n a) . (Ficus casic 

a)>>''^">vD^(Psidium guajava 
) , -7 > n*— (M a n g i f e r a i n d i c a ) ^ 
^*J-7' (O 1 e a e u r o p a e a) -V ( 

Carica papaya) ^ iJi/^— (Anaca 
rdium occidentale).^"f>^7> 
V-t y 7 (m a c a d a m i a ) (M a c a d a m i a 
integri fol ia) ^ T-^>K (Prum 
us a m y g d a 1 u s ) ^ 7" > ^ (Beta v 
u i gar i s ) . b ^ ^ ( S a c c h a r u m 
spp. ) . >^77sA^\ +:t/.#\ 7E?P> 

mmm. [o i.o e] ^mi^. aT^^ts : h-^ 

h ( L y c o p e r s i c o n esculent u m 
) , U ^ 7n Lactuca sativa 

) ^ -< > y > ( P h a s e o 1 u s vulgar 

is) . y ^ ^ f P h a s e o 1 u s 1 i m e n s 

1 s ) ^ ^ > 1^' ^ ^ ( L a t h y r u s spp. 

) , isxzfc u c urn \ m<^>^ >^'^- m^i^\ ^^'^ 

') '-C. s a I i \* u s 1 . > ^ .'t - 7 X n > t'C . 
c :-4 n t a 1 u p e n s i s ) . J: If-^ X ^ n > { 
me 1 o) ) iim^. aTit^u : T-^'UT iR 
h o d o d e n d r o n spp. ) . T v (.M a 
c r o p h y 1 a hydrangea) ^ W tr7>. 
7> (Hibiscus rosasanensis) ^ 
y^^y (Rosa s p p. ) ^ -f-jx-') 7 7' (Tu 1 i 
pa spp. ) ^ 7x^-t> (Narcissus s 
pp.). ^-^j- — T (Petunia hybrid 
a ) > :^ — ^t-— V H > (D i a n t h u s c a r y o 
p h y 1 1 u s ) ^ -1"' < >-t^-T ( E u p h o r b i a 
p u 1 c h e r r i ma) . iSXl/^^o 

: -^7 (f?!)x-ii\ •r-:5^'v7 (loblolly pi 
ne) (Pinus taeda)^■r - 7 ( s 1 
ash pine) (Pinus elliotti 
) . :tt>xO— •y-"7 7 (Pinus ponder OS 
a ) . 3 U/'NV 7 (P i n u s c o n t o r t a ) . 
ioJ:?/-t>'r U-V7 (Pinus radiata) 
) ; 7. 7 T — (P s e u d o t s u g a men 

2 i e s i i ) ; T > U :^ 7 (T s u g a c a n a 
den sis) ;^-l'h'^l^(Pi.cea glauc 
a ) ] T / ^) ii {S e q u o \ a s e m p e r v 
i r e n s ) ; M<^^ ^ ( t r u e fir) (^ilx. 
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B-XJ y/<^ I (Abies a m a b i I 1 is 
) ioJ:L^V^';^-^^-JU-t ^ (Abies balsa mea 
) ) ; ^^hlfiZ7.^^ mx.it\ ^^7.^' (Thuja 
pi i c a t a ) i5 J: IfT yy.fi\tJ^ (Chamae 
cyparis nootkatensis)c b 

r2'>, 7JL'7t;U7t^ h-v^ij. Brass ica^ 
iJ^'YX. ^^/N'-f, t:--^-y7. ^onv. 

i^t:\ ^^s-zr^:t') T'*^). J: 0 L < h 
10 n n v^fil^io J: Xtlif^T'*) 0 . ^ri^i Off* L < 
ii hr^^pn vtlifj^-e^^.o [0 10 7] fffUifitj 

coffin- (1?IJx(±\ b'^-^ennv. 3A:^\ :t:tA+\ 

(i. 7:^. ^J^'^X, li-^yV. B r a s s i 

ca. h7-tnr3v, t;u7t;U7t^ -Vv. =j=j-^-y 

20 Y X, ij'—'T-'y \£—>X (garden beans 

) . ^JL-f^}^ vY-^^. U>7C-7 

bHnv^^^^'^^tfo [0 10 8] 
R P A n - Kge^iji^ i LKT > -f-t > 7>@S?iJ;J^ g 0^c7)til 

■$:5g0^(7:)R P ASe^iJUfl^MpJtiiCnlft 
2 mimzt^ir >2> D N A @£?iJ(7:>K¥ ^ WitSiJ i: zfWJt 

i)/j^^i5]i:irL«^flxot^=rtu*>^o [0 1 0 91 
itmi^i^hiz^^n^o [0 110] ^(Dm^i^ 

x-rrT'^oT^). ^^tT'feoTi. i't^-e^oT^). 
^flT'aboT^)i:v^, ^h{z. ^<757''o^-^-(i. :: 

50 -^(DB^-mi^M^'mx^n^o^^^T- 
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n/cn- KK^ySr^tPo [0 111] Z(DW.ni^ 

v»o iIf'J4'*^*$^Sit(i> A. t u me f a c i e n SCO 
T i 7' V 5 KS*co t C7) ^ ^' h t' > V > 

- ^W^v^i^a i 1>V y < 'J V -> > - •tll'ISiiit) ^^f IJ 
m°IntX-^^c tfz. G u e r i n e a u ^> (19 9 1 
) M o 1 . Gen. Genet. 2 6 2 : 1 4 1 - 1 4 
4; Proudfoot (1991) Cell 64: 
671-674 ;Sanfac on lb (1991) Ge 
n e s D e V . 5 : 1 4 1 - 1 4 9 ; M o g e n ( 
1990) Plant Cell 2:1261-12 
72; Munroeb (1990) Gene 91 : 1 
51-158 :Bal lasib (19S9) Wucle 
ic Acids Res. 17:7891 - 7903 
; -fe J: .1 o s h i 'b (1 9 8 7) N u c 1 e i c A 
cid "Res. 1 5:9627-9639 -r#.B.?.<75:i 
h, [0 113] mW^rfi^^. zcr>mm=f-ii.. fim. 

(=. m^i~'ntL^^=i v>^\i^Lx-^f&^iv^7s, m 

C a m p b e 1 1 i= i t/ G o w r i (1 9 9 0) P 1 a 
nt Physiol. 92:1-11 ?r#.Hp.o:i i: o 
ffi!t^lc4?S Lv>jlg^^-g-)3K-r.2>7'^<i>co:^-S75^ ^1^55- 
ifT-flJffl^t^T-*>^o 0iJx.l±\ *11#b¥^5, 3 8 0, 
8 3 l-ti3j;0^"l5]|»5, 4 3 6, 3 9 1 i^m-M 
uri-ayib (1989) Nucleic Acids 

Res. 1 7:477-498 {-^mmm^X^^t 
LXmm^i^Z>) o [0 114] *ffli&'tt?s±IC^olt 

jlg+-ffeJl?r^i5^-t -i) 7'■:*!3<75^ ^ ib -5. K^iJSc^tS^ 
i>ft]i:-2b^c (s p u 1- i o u s) --i^'J 

yx2y7s-fy< -> i^':)- - Ki" h S^?lJ^ h 7 

> 7. ^ V > mm% ^ 3 - K-r ^3 c/jiteT-iSJi 
hixfzm'^^^ F^^si-^^wt^^^tfc ^co@e?ij</)G-c 

^B&4-J3&^\ w c75K?iJ(±. iS^'-^T k* > 2 '^m R N AtS 
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. ji'r[aill1-'5.J;Tt-2i:^$=ii--5>o [0 i i 5] 

-t y b -?-co§gm* -t b 5 ' ") - 
^'-W9'\i^h\-^'^M^^^ :i(50J: o 4- U -^-E^O 

^If^n-S ; t:='^l'-^-'t7 'f Ji^;^ U -y- (15!lx;l±', EM 
C V ') - 9'- (M't-WA'^ ^)U7.5' yWM) ( 

Eli-oy-Steinib(1989)PNAS US 
A 86:612 6-6130)) ; ^-K-f- -5 ^ ( p 
10 o t y V i r u s ) 'J - (0iJx.(i\ T E V V - 

{j^/^:jjL-y^ (E t c h) (A 1 1 i s o 

nh. (1 9 8 6))) ; MDMV'J-y- (h'^^D 
3 ->S*il (Dwarf) ^-y-W ^ (V i r o 

logy, I 5 4 : 9 -2 0) . V^^^^^y 
') >fiiII=S-&5' >^'?^K (B i p) (Ma c e j a k 

(1991) Nature, 35 3:90-94) ;T 

NA (AMV RNA 4) S^Og^SIR'J - (J 
obi ingibU9S7) Nature 325:6 
20 2 2 -6 2 5) ; 5'/<=!*-»f -r J"^^' ^VX.'J- /- (T 
M V) (Gal 1 i e !b ( 1 9 8 9) M o 1 e c u 1 a 
r Biology of RNA> C e c hffi> (L 
i s s ^ N e w Y o r k ) 2 3 7 - 2 5 6 H) ; ^5 <t 
Cl'b D :3 ->g|t^Jffi (c h 1 o r o t i c mot 
t 1 e) '^7 -f ;U X «) — ^''— (MCMV) (Lomme 1 
h (19 9 1) V i r o 1 o g y 8 1:3 8 2 -3 8 
5 ! : Del 1 a - C i 0 p p a 'b ( 1 !•> 8 7 ) P 1 a 
lit Physiology, 8 4 : 9 6 5 - 9 6 8 'o 

30 {,tfz. mm^iu^^ (.0ijxi±\ ^>v^>^j:ti 

[0 116] ?e3fl*-t y KOPSSUiJ^'^-C. fi'^COD 
N A 7 7 i'' ^ > b 75^. aiD'5::^[p]t3, ^^oiigiD^: J; t 

ic. immt^^nx'. -ecoDNAK^y^-tstti-'SiT 

(Ct*f^^n»^o ^<75gfit)«7)/c«6IC, T^y^'-s/cii 
'J>*-^j£fflLT. C:C0DNA77 ^'"^ > h ^rjif-SL 

ft--^^ D N A cop^:*, $lJPlgpf4coP^:*4' Lif-Sc 

40 J:L»-») 75-'#S^^^#^o [0 117] *|S^<73ge 
?y(i. fti:cotilt/4-ff^Slf,1^*7'-:l± b7>;^7ii' h-f 

^^:il/jffit). ffiit^^€lfl&> fl^^'fct'TjN 

^•9" Kgdfy?r*A-t^;'>:«t><D-/D h n^Hi, 

o V >T^ifi<]ft ffit) * imMm^<^m. (1- 
^.1-nttzim'^m r^m-Lx^itLn^oo mo 

50 •< > v-i ^'•>3> (Crosswayib (1986) B 
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iotechniques 4 :32C) — 334) n ^ 
bn.ifU- V3 > (R i g g s (1 9 8 6) P r 
oc. Natl. Acad. Sci, USA 83:5 
602-5606) . Agrobacteriu m^S^^ 
lfm$r.m (T o w n s e n d ^b. i^mm^m 5 , 5 6 3 
, 0 5 5-?-) > iS1gjlf^T-?l7v (P a s 2 k o w s k i 
h (1 9 8 4) EMBO J. 3:2717-2722. 
) . ioXm^L^ (ballistic) fiT-M 

S a n f o r d 7|t|l#lt^4, 9 4 5, 0 5 0 . 
-^;Tomesb, ^mm^mb, 8 7 9, 9 1 8-^; 10 
Tome s *[l#lt^5, 886, 244-?';Bi 
d n e y ^mm^mb, 932, 782-^;Tom 
esb(1995) [Direct DNA Tran 
sfer into Intact Plant Ce 
lis via Microprojectile B 
ombardmentj Plant Cel 1, Tis 
sue. and Organ Culture:Fun 
d a m e n t a i M e t Ii o d s ^ G a m b o i" g 
J: c/P h i 1 1 i p s ?i ( S p r i n g e r - V e r 1 
a g , B e r 1 in) \ i-S c C s b e h (1 9 8 20 

8 ) B i o t e c h n o 1 o g y 6:9 2 3 - 9 2 6 
) :^m^fhn^o ifc. ll^Ti^^?3.<DZ.t : We i s s 
i n g e r b (1 9 8 8) Ann. R e \' . Genet 
. 2 2 : 1 2 1 - 4 7 7 ; S a n f o r d lb ( 1 9 8 7 
) Particulate Science and 
T e c li n 0 1 o g -y 5:2 7 - 3 7 (^-7^-^ ; 
C h r i s 1 <:> u ( 1 9 8 8 ) P 1 a n t P li y s 
i o 1 8 7:6 7 1 - 6 7 4 ( ^J^^l' X» ; M c C a b 
e 0 : 1 9 8 8 ) B i o/T e c h n o i o g y 6 : 
9 2 3 - 9 2 6 {^'^ X) ; F i n e r id J: l/M c M u 30 
I 1 e n ( 1 9 9 1 ) 1 n Vitro C e I 1 D 
cv. Biol. 27P: 175-182 (^'^X) ; 
Singhb (1998) The or. Appl. Ge 
net. 96:319-324 (^VX) ;Datta 
lb (1990) Biotechnology 8:73 
6 - 7 4 0 (^:tO ; K 1 e i ntb (1 9 8 8) Pro 
c. Natl. Acad. Sci. USA 85:43 
05-4309 (b^^nav) ;Kleinib(19 
88) Biotechnology 6:5 59-56 
3 (br>^D3v) \ T ome s. ^mm^ms. 2 4 40 
0, 855-^;Buising'b^ ^m^H^^ 5,32 
2, 7 8 3-^i^<t?/IW]^5, 3 2 4, 6 4 6-f-;Tom 
esib(1995) [Direct DNA Tran 
sfer into Intact Plant Ce 
lis via Microprojectile B 
ombardmentj Plant Cel 1, Ti s 
sue, and Organ Culture:Fun 
d a m e n t a 1 e t h o d s > G a m b o r g ^1 
( S p r i n g e r — V e r 1 a g , B e r 1 i n ) ( 
h^^xjai.) ; K 1 e i n tb ( 1 9 8 8 ) P 1 a n t 50 
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Physiol. 91:440-444 (h^^nn 
v) ; F r o mm lb (1 9 9 0) B i o t e c h n o 1 
ogy 8:833-839 {h^^^uai^) ;Hoo 
ykaas— Van Slogterenb (198 4 
) Nature (London) 311 : 763-76 

4 ; Bowe n lb. *[l^fl1^ll5, 7 3 6, 3 6.9"^ ( 
mm) ;Bytebier^ (1987) Proc. N 
atl. Acad. Sci. USA 8 4:5345- 

5 3 4 9 (-^'J#) ;De We t^ (1 9 8 5) T 
he Experimental Manipulat 
ion of Ovule Tissues>Chap 
manib^l (Longman, New Yorl^) 19 
7 - 2 0 9 H (TEf^) ;Kaeppler(b (1990 
)Plant Cell Reports 9:415 
-41S:J:5j:0^'Kaepplerib (1992) The 
or. Appl. Genet. 84:560-566 ( 
^ r X^- (wh i s k e r) miVWMfM) ; D' H 
aliuintb(1992) Plant Cell 4 

: 1 4 9 5 - 1 5 0 5 (-xl^^ h n,i^l/-i> 3 >) ; L 
i b ( 1 9 9 3 ) P 1 a n t Cell. Report 
s 1 2 : 2 5 0 - 2 5 5 =5: ^ C^^'C C h r i s t o u i6 
J:[;^Tord ( 1995) Annals of Bot 
any 7 5:4 0 7 - 4 1 3 (-^ ) ; O s j o d a 
lb { 1 9 9 6 ) N a t u r e B i o t e c h n o 1 o 
g y 1 4 : 7 4 5 - 7 5 0 ( b 't^^n > (A g r o 
bacterium t u m e f a c i e n s ir't ^ 

[0 118] ifiM$rM^iifziW]&(t. f/E*^^:^SU 
KoT. tlJf^(:.%ft^-U-f#^^. m^ii\ Mc C o rm i 
c k b ( 1 9 8 6 .) P 1 a n t Cell R e p o r 
t s 5:81-84 t'^m<^^tc C^bCO 

mm ^ ^txm cmnmmw t tz \m h 

Ti^^::<h't^tfSL|#^o [0 119] WR^^-ii 
^-'^^Ifffi^n^o RNAU^;UT'C7)§§?a;6^ mJWJ^ 

^^m%\m:mm'&^^if^^^imho rn 

% \tm%(r^ R N A ^ m^-t h^n %m ? n tz 

-t ^ . io J; ifmwmmm^'^ y d - y ^ v ^ ^ ^-f^^ n 



(2 7) 

51 

- m i v^Tff ^^n. h 7 > X V i - 7 ^ 11 

*Sfel^<72lSfJ.grif44-f4fi*»:>L#'5.o -IS:t;^ h 7 

> 7> V ^ ^ y ^ ii> « t •■smtayt'i^v'^ 7 ^ 
- ;u ^*-r -?) ffiita ^ rasij i vfmsi-t ^tz^. m<^ii * 
n/-ci^@S(cov^T>^^"; --v^^'^^t^o [0120 

|5]fWi^14t?3b ^ b 7 > X V i - 7 ; -t 4' 4^ *. . 
f$±(75[^ 1 oOitiST-) ^ b ^ > X v" i - 7 

> X V ^ 7 ti!t^ 4-i-4a<) ic^se-r ( s 

> 7^ V i - 7 '7 nmm) lCi:t$X LT^Cib L/C R P AMfl 
^ilf^n^f .6c iM!|%<7)ML^SBi= J: LK|^ h 7 >x>\x 

-7<:'ttt)t<7)m,?jSsafct/-% jta^n^e [01 

21] mmti\X-tcr)%VTf\-~ii.\.'!7^ 
R P A U'^^i'^SIW /-zliMil'-) i".?) 

/c^jcr):>ji£^tffjti-;Lc f^ilili:, ttttlUidlt^. R P Ac^) 

A^i-7':x^ 7 >/<^' H«^S'J-& iT4-^3t3, -r<^^i.i5S; 

/: litfi!|%Ogri$5-U i5 ( t ^ R P A ^^iiJ i C// ^ liffl.^ 

-t^Sc [0 12 2] OTi-cO^JSSs^ftT-li. ffiife 

■fORPAIi. ^ >\£^'tfzlt^ >if hu-X:\ jlf5T-|§ 

7 7'^+*i u- Y itzii^'y > u^'^u- y-t^ 

fc «6 $ V ^ j5: V ^ R P A 7l'f£T-<75 7° D ^ - 5- - Sr 
WMX'li. x -f :/4R P AjlfST-c7)3- K^Iitli, 

:j- y^n^mm<7:'ii^i:i^{P^^^z>yzi:biiz. mm. # 

J)D^ if A. tfziiX^imtX^W^iv^oo 1?iJx.li\ K 
m i e c , 5, 565, 350;Zar]in 

gh. PCT/US 9 3/0 3 8 6 8 ^#S3(75:ito 
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7h. DNASfi^iJife^, trzUZ(Dy^xj^-^-i=Xlf 
C(7?iifS?-i:#^fit)4'y7 -f-^-^ISffl LT. Ti^o^n 
75^b^i:^T>7''J =i>4-ttttii-^PCRj5-W) izX-D 

xm^^m>. mii<7)nmmm\zxi')^mtfzii.im^ 
ixfzm^ttzmm(D^:>'d-ii. mmi>^^i'¥Tx\ z.<d 

ffiif^jf <75 R P A C0^ai5 i Cf/ i /: lia^a 4-111151- -S. 

n^&c [0 12 3] -mz. ^mttzimt&ii. it 

^>5%, 10%^ 2 0%. 3 0%. 4 0%. 5 0%. 6 

0%. 7 0%. 8 0%. tfzii.9 o%mmi^i^ttzim 
x'mm'±mi-z,mii x v'ytfzii^<7)^kiz± cm^c 

-t > X (7?@B[P]-effl V, ^ -5) > I c J; o T mm ^i^-'^i>c- 

B^CTJ.I^ 'J X L- ^f- KCOMSlCOcS^li * W'^ijl<7>|/1 

<o 7' D ^ - ^ - 7)^ >, o 5fe Ji iSttf ki- ;s if 2»'14 7' o ^ - 

t+tt^^nii&M^xii. RPA!i. m^mm^s # 

1: h -^^ n=r->(-iji '-Cpli5^n.5)=. [0 12 4] 

JLit -t ;b mUli. R P A D N A ft Mt <75t=I?r^O Ziih 

i±'. \imW)'^^J}(r)mzio\.^X. R P A l±. DN A 'J p< 7 
--t* a (B a r u n "b (1 9 9 7) B i o c h e m i s 
try 3 6:8 4 4 3 -8 4 5 4) . p 5 3 (D u t 
tafj (1993) Nature 365:79-82 
). RAD62 (Park*b (1996) J. Biol 
. Chem. 271:18996-19 0 00) tfflS 

^'^m-ti>zt-^^fn^nx\'i>c [0 12 5] ^>y< 

fnmi'UKi'¥-mi,ZiH-fi,RPA<D^ {middle)^ 
h<Dm^iitfz. m^iXXy^^i)^ Z<DX^fd:^n 
S.i'?m<om-~l±. XPA^'>^^'^Ki3J;^/RAD5 2 t 
c75+BSflPffl^^*lf bn^Ti^Cl^iiblzPI^^^ii^rv^ (H e 
h (1995) Nature 374:566-69; 
Matsudafj (1995) J. Biol. Chem 
. 270:4152-57;Liib(1995)Mol 
. Cel 1. Biol. 15:5396-402. Pa 
rke5(l996) J. Biol. Chem. 271: 
18996-1900 0) ; fc^.tU'PCNA (S h i v 
jib (1995) Biochemistry 34: 
5 0 1 1 - 5 0 1 7) c [0 12 6] iHjIiiC. 
R P Ali. DNAftatlc^o(t.?)««Sc0^tgUM-?-i-^- 
t-f)'^7r.^ilX^^^ (Urn e z u b ( 1 9 9 8) Gene 
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tics 1 4 8 : 9 8 9- 1 0 0 5) c t/TLoT. 
m^-f ^m<D9 >.>^^9.i fflSii J: D - ^ > ^'-■t >5, 

-X) ±{C7F?tft^^t»^75\ f^-:l±RPA cDNA 
li, g^ft-y-ZN^-yj 7 Kv;^xX,{c43lt^'^l' h (b 10 
ait) tLX\tm^im^o COlft^T-li, \\!L<D^> 

^^^ni^K m'^m.if^m^^im^o [0127] 

10 12 81 (^^J {% 
tmW : c DNAi'D-^/^^-) ^tRNA^, Cho 
mozynsk ii3j;J>'Sacch i ICioTISK (C 
h o m c z \' n s k i b '1 9 8 7) Anal. B i (j 
chem. 1 6 2:1 5 6) ^ivZ, =-'J y -< yf-t 

R I z 0 1 lit^ (Life T e c li h o 1 o g y , I 20 
n c . G a i t h e r s b ii r g, MD) ]- 
^□rj vffi#t,)»f,^^L7l:c KiKUIi. TR I z o m 

m T^mm \ ~ , mn-^m."^ > 7 ;u ^ ifjf^asi 4" TiK©5% 

XL/j, 00. i-ot/, CO (7t'L>'S-^t'i'ffl>-'-2)) '1'. 
TlctB^ J: C/WtSli<73:fi-8ico/^At)(;:^]te L ie'R N A 
-1' ^ -f V 7' n lU T '1 :3 - 'l- * ^ t > , 7jcffi h tiU 
!;i oTIelirxlL":, [Ui2 9] ^gR N A/i^-bO* 
(A.) + RNAO^gJR^, Po 1 vAT r a c t 
A ( P r o m e g a Corpora t i on. Ma 
d i son, WI) -:rlifflLT||^TL/::c i^m^Uliv t' 
:t^->lbL/^:t') 3' (dT) 7'7l'-7--tjtfflLT, m 
RNA±c75 3' --tf'J (A) 7"•1';Kl^^1'7*'J 5'*-l'X$-ti: 

7' h T H"->' > jo J: tm^53-^|X ^' > K (magnet i 
c separation stand) ^iSffl LTffl 
ffiL^'Cc COmRN A^i^v^;^ h >v j.> 
i#-L, -?-LTR n a s e Sr-a* ^ >7Kt; J: oT 

•;§aiL/::o [0 13 0] c DN A(75#)|£S-^1tL, 
LT— :^[p]1±c7) (unidirectional) c 
DN A7 'f 7*7 ') -?r. Superscript PI 
a s m i d v7,7^A (Life Teciinology 
, Inc. Gaithersburg, MD) ^rfigffl L 
T^^tL^Co cDNAOlIlM^, Not mfii-^tr 
^';n'(dT) 7°7'f-v-4-7'v^'A-t-2,Ci:UJ:oT 
#fiS:L/Jo Superscript Re 

verse Transcriptase IllZi-p 
4 5t:T'fiWKt;l:c c DNAC0^2iI-ir, «--''P 
- d C T P T-lf Iffi L , LT 5 0 0 taS^^i 0 ^) /h $ 4" 
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phac r y 1-S4 ^ ^ "o-^ Y f y -y i -\zi,^X 
FI;*L7^Jo w<7Diii)^$n/cc DNA55-T-=^, pSPOR 
T 1 #BS'^^' ^'-ON o t I isi LKS a 1 I §M4cOH{c 
jII^L;^Co [0 13 1] mconn 
lt\ -5-LTDNA^. Ml 3 IE:^[p]7°7 -I" -r-iJ i [/M 
1 35'ffi:^[p]7°7i'-7-^fflv>-2>pCR(cJ:oT, ifcii 

S^L/Jo i^TOc DNA^'D-^^, M 1 3 4j£:/J|S]y 
7^'-7-^1tfflLTS£?iJv*^L^-o [0132] R 
PA:'^-^--/^--;' b (ZmRPALSH) lCot^T<^2 
OCT) h'^^-n3->*^Di7-^5^g|$aTv>^o icojlfS 
?-{±, J^TOSl (C^$;!t-i>iTH, 2oco^4--5.Sfefe 
f$(cv-y t: > ^'■$i;it^o 2oo*:-=Eni'-{;ov»T<7DT 5 

y ± t/:^ ^ u -5" Kie^ij ^ , @e^ij#-f - 1 - 4 u 

^•to Si 2oc7)a^:^ifefef$:-^(7)h't7-=6D:3->RPA 
-y h jtfST-WT -y li* > [0133] [ft 

1] 



•70 ' V ID 






CBPBS68 


c9 . • 


ZmKPALSHl 


CCRBJ83 


c9 „ 


ZmRPALSH 1 


CDIKjS47 


C9 


ZmRPALSH] 


CUCLE6S 


c9 


ZmRPALSHl 


CJLPL35 


c9 


ZmRPALSHl 


COMGE67 


c9 


ZmRPALSHl 


CBAAX06 


c9 


ZmRPALSH3 


CDPGS46 


c9 


Z111RPALSH2 


CERAG93 


c9 


ZraRPALSH2 


C0MFY67 


t:9 


ZinRPALSH2 



30 4^-^=?>x 1' i^'^-B^i-''^ 1 01@<7)E ST^. -7-ye'> 

-i- ^''(i. R P AL SCJti"^ 1 oc;:) h ^^nzr v.-f.^n 
^*'^Si-o [0 13 4] RP Ai+'-ij-y-^L^ ^ h (Z 
mRPAMSH) tcov^TO 7 IS^o b ^en n v;l^^n 

0 13 5] 



on - >^ ID 








CCRBK63 


ZmRPAMSH-l 


P0026 


C5 


CGEUZ26 


ZiiiRPAMSH-2 


POOOl 


TBD 


CGEVJ74 


ZroRPAMSH-3 




THD 


CHSBXOl 


Z2nRPABMS-4 


pons 


C5 


CIMMEM 


2mRPAMSH-5 


P01H 


CS 


CRTBB78 


ZtnRP AMSH-6 


PD041 


C5 


CVRAP89 


ZinRPAMSH-7 


P0057 


C5 



TBD=ife7E?n^-<#T-£l5-5.o [0 13 6] ( 



(2 9 

55 

nmn 2 : > 7 > 7> > ^ ^ ^ w^<^wMu^ii i- y-'s 

fj> ^MB^OR P A7>^-b>X@£9iJ?-g-tj'7°7 7^ < K 
([E12) , :feiLMt^^iJB i a 1 a p h o s (Cid-t^JS 
^ 1^41- ^ - * - af^T- PAT (W o h 1 I 
ebenib (1998) Gene70: 25-37) 4- 

[0 13 7] (.Set)ffilt<75P$a) S.^, 3 0%C 10 
hlorox b 1 e a c hi3j;t>'0. 5 %M i c r o 
^ffiim^yt:- 2 0 53-ftm®i*S LTi^S^KT- 2 0 
'J VX-t-So *^«?!=E^^')ttSL, LT 5 6 0 Y^«i 
[Zio\^X. ^nWi. ffi!p4fiJ^Ti;S£ttL (K3SfJJ$r±) 
(1 hfeT^cO 2 50ffi) . '^k^^X', K> 

> h<7)/^«:)(75pKlCi5V^-C, 2. 5 c mcOlf etJJtrtU^ 
^iJ$-ii:-?>; 10 13 8] (DNACOPS^) jxt:'^ 

KDNAiJiO'R ATSK-^-^-^^^tj'^'vT, 5 20 
KD N A , 1:J,T<0 i t 4' C a C 1 itS5^lil?-15ffl L 

1. l/.«m m^atl) <755' >i'-;^x>^L' 7 h± 
(CitP^^-^'S) : 7jc4^<73 1 0 0 /.( 1 <7?PM L/--: 5- y fy-^ 
7->^i.lF- T 1- i s E D T AfSf5;^4'CO 1 0 1 ( 1 « 
a) ODNA (iel «g) 1 0 0// 1<752. 5M C 
a C 1 : 1 0 1 CO 0 . 1 M 7>'-<)U = > [ 0 

13 9] -1' > -7 ^ ^- ^ - r.i^' 7^ -y 7> J;. ! : 

5 0 Om 1 c7)l 0 0%J-^' 7-;i/T-i5t!^Ls 1 
T3 0?:i'f^3t'L>:S-^li-'&c SJt^ cioiSflTv^rP^iL^ -e 
UT 1 0 5 ;u 1 O 1 0 Q%J-^ Wcl^^>y7^ 

mL. -f-L-Cl 0/./ ! ^-7 ^ XJ :3r ^ T (D^'biZ 

■m^^^^o [0 14 0] m^-m^m) ^>y')\^ 

y hi. if±T-0c# H E 3 4 - 1 * tcli# H E 3 4 - 40 
2 T-b^Jl'# 4 UTlK^-t'&o ^TC0-9->7°)His 6 5 
0 P S I (C-cmillfeM^^lt^ 1 OT'J 3- hcOi^T 

|)g$?L7t^i^^/DNA<7)^f-^-7-;6^|b^#^o [ 
0 14 1] «5:C0$Jtai) > hcOf*, E 

4-5 6 0 Y±fJlb±lC2 Bralil^t-L-^ ;>:v^T-3mg/'J y 
V >^COB i a 1 a p h o s i^M-f^o 5 6 0 RiiJ^l^Hb 

L, -t LT 2 jiPfl^lCffi^tl-'Bo imum^ 1 0 jIFb^ 
f*:, imRWi'\&.i^ Jl'7.fa->i. 2 8 8 J i$Jlbt:fl L 

ffii^S^^WiSi-'&c (2-4JS!K) 
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t, -?-LT0^1tSM (lighted culture 

room) Cfli-o 7 ~ 1 0 B f*, miLtzUm 
i . m^-^^+'Jf^i^ ? n-J) t T- 7 - 1 0 B Ffl^ ■^a.-y 
'pcDZ 7 2 V4S.+ ;v-^ >ifHiit:#1-o '>:V^T% 
l*:Wx.ffl± (potting soil) ^r^tJ-^ v-v 
h (f 1 a t) (2,5'' m^zmt^') 'P<DWX^ ( 
insert) IZ^^L. ^ LX±m^ \ y^^'^X I mm 
±ft$■ti:^ ^iSv^T. ^EM^X'^hiZl-zmm^^^ 
;^v^T\ ■S*6D^6 0 0#*: (1. 6**n>) (C^ 

-?-LTgfi<)(7)RPAjlf5T-<0§im4-ftS!ci--&o [0 1 
4 2 ] [^3 ] 



8 7 2 V 





a 




0-1 H^O 


950,000 


M 1 


M Stt <G 1 B CO mU-074) 


4.300 


G 


M y o--f — Vl- 


0. 100 


G 




5.000 


M 1 




40. CCD 


G 


B a c t 0 


6.0Q0 


G 



d.) D-i H.o^izf&^-^imizmm^-^^pHb, 

J: r/ 6 ox:t -cri^ifi.:. # # = o . i o o g 

c7)- nf->S$ ; 0. 0 2 0 gO-f-T ^ >HC L ; 0- 1 
0 0 g I' -> > H C L \ is X VO . 4 0 0 g <7) 
'j > >^ S 7 5. 0 0<7jifia!D - I Hr.Ot^^dillCfg 
r#$-^6:- SflftD- I H-Q-XsmmiZi-^, 4 0 Om 

> > H C L ^Hf -r'v ^- ^ - ■t'CiS < . m^tf^mt^x 

^{^m.-tho ^6^4 (L) = 1. 0 Oo 10 14 3] 
l«4] 



2 8 8 J 









D- 1 H,0 


9 SO. 000 


M 1 


MSI& 


4. 300 


G 


My o-^y vh-A 


0.100 


G 




S.OOO 


M 1 


Z e a t i n 0. Scie/aI 


KOOO 


M 1 




60.000 


G 


Get r 1 t e@ 


3.000 


G 


-rVK-^l-B^ 0.5mfc/«l# 


2.000 


M 1 




KOOO 


M 1 


e 1 a t a p h 0 s Ina/alt 


}.D00 


M 1 



ffl v£ : (a = ^* ^- o i^* Dffl^f. D-I H 0 
4^lcj36;^^)ili;-;§ft??-<i--5)pH 5. 6i:pgpHP?if^ 

Or^-Cf^^iPc 3. 5g/LOGe r 1 r i t e ^« 
^!t^f^(;5;^ji6i:v.lsJ}Po ##=1 0 0 gW^3^>@^ ; 0 



(3 0) 
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. 0 2 0 gO^T^>HCL ; 0. 1 0 0 g<7)k:'J 
V > H C L \iiXl/0. 4 0 0 g^T?;?-'; ■> > ?r 8 7 5 . 
OOOfflaD-l Hi-0 4=l-)llll--itfl??-»i-^o fflMD 
-I HvOT'Sil^-t-^o 4 0 Om 1 0.-}^-->3 >l' 
-t^o -^T ^ >HCLi5J:J/tf'J K^v>HCL^aiT-' 

ft (L) = 1. 0 Oc 10 14 4] 1^5] 





e 






9SO.O0Q 


M 1 


CHU (N6) (SitaiA C-U16) . 


4.000 


G 


Er i k s s onflDtf^SyS'yi'^ 
(1Q00I8 SIGMA-Um 


1.000 


M 1 • 




1.2S0 


M 1 




3O.00Q 


G 


2 , 4 - D 0. Bitt/nl 


4.000 


M t 


Gel r 1 t €@ 


3. COO 


G 




0.425 


M 1 


B i a 1 a p h 0 s Ivs/otl 


3.000 


M t 



K0HT-pH5. 8lCp^D-r H.Orffli^-C^# 
0 . I 0 14 5] 6 ] 



5 6 0 Y 





« 






950.000 


M 1 


CHU (N6)5-«S« (SIOIA C-Uie) 


4 COO 


G 


Er i ksson^tl^'SVaty^^ 
(iDDOffi SIGVA-ISIlD 


1.00 


M 1 


5^7£>HCL 0.4at/iil 


1.250 


M t 




120.000 


G 


2, 4-D 0.5be/»I 


2.000 


M 1 




2.680 


G 


Gc 1 r i t e@ 


2.000 


G 




4.2S0 


M 1 
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t(ige^-C*)-i)c [0 14 8] [^7] 



5718-58-1 



PCl/USSS/ 



y<-V=7 20110-2209* -^'T'^T. 

7-;W/^-K 108D1 



(3 
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K0Hl?pH5. 8UP^D-1 H.O?:fflv^"C§» 

i t:)ffiB$FB^:i-- b ^ U--7'***£^l: (L) = 1 . 0 
Oo [0 14 6] :$:B^^ffl»Ui5V^TSS.L^c^Tc7) 

*Wffl»'1^U##t LTfSffl^n^o 10 14 7] 



SE&UEaeci: lsstikg 

•*.120> T^vpllcatlCTi rfcotcir. A and t;«e 

<1JC> 5716- IS 

<i70i- FaatSCO for Wirrtiims Version 3.0 

<21C> 1 
*:2U> 

<213> 2«« Maya 

<.221> CDS 

<222> a57) ... tlQZJ) 

<233> Co din? 3«qu«nc« tor rhe ^n^,* pp/^ L4.c9« fuLun^c 

<i5i> name l«)»Tut« 

<r22> roi.7. 101 

<4 0Cl> 1 

ccct«i<Lat* cv.kt«agc9C ^cgtegertc 97?»gct.cy« cgci»tctte3 cctccgcica 
•cgetcoczc •cgccocc*^ cccccacc^e CccBCg«ga« eccttctcgc CCCCgcg^ga 
cyctCTgccK qggigagcAa s^ta^cafB g9cgcc «tv que qct Qcc *«Q tCQ 

K»t .*3p Al« Ml) !.>■» S>J- 

a s 

«cq ecg Q9C ^cc gtg tec iac »tc c^g gcq cac ccg tct acf 
VdX Thi: j'ro Gl> Al» val 5«r Tyt il« Ai« Ills Pi'j Ser T>ix Cly 
10 IS JO 

tec q»t ggc qcc gtQ t=g ^tt ccc gtc gtr cag gtc etc ^at etc «ag 
Stic Asp Cly Jilk VkJ £»r L«u V«l V«J Cln V*.X l^u Asp Leu 

£5 30 ' » 

tcs ate ggc etg ggc age egg ttc «gt ttc »cg gca tec gat ggg mc 
Sax ale Gly H«t GLy S«r Arg (tie Scr TAr Aid S«x Aip Gly Asn 

40 45 to 

g«e us* ntc a«g gc? QCQ etc ccc «ct t;ec ttt g::g teg gay gtc cac 
J*3p £.ya U* Lya Ala M?t L«0 fro TliJC 1*yc ?hc Al8 £&t Glv Val Hie 

as eo 65 7r 

tf»: ggc »«t ctg Aag &«t ttc ggt ct-c ate-, cgc ate etc g^kc t*c *7t. 
Sot Gly Am l>u Lys ^h* Cly L*u Xl« Acg He l«u Asf Tyi Thr 

7£. ao 65 

t^c OQC tec gtc &ak g^c b&c yet gac bo* ^tc ctg att gtc gtc a»a 
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Cvs 7«7n Sec V*l Lya Giy A*n Aia Asp Lyf Vai L«u He Val v*l iy» 
90 ?5 100 

tec g»9 Act gtg tqc gaa gcg etc a«c gcc ga9 ate cac ggc <jag {fcc 
Cyf Glu Thr VtJ Cys Clu AI« i^sp Ai» Clu lie A«n Cly Clu AL* 

lOS 110 il^ 

aoD cog g»t cc: cco att gtg etg a»7 cct «««■ gac ^oa ggc tc» 
Ly» Lya Aip pzo fro lie V*l Leu Lys Pio Lys A3p Glu Gly Sex 
150 125 l«0 

g>:c gtg Qcr fi*g «c* kot tct ccs cc* etc «tg afeg ccc 0*9 
Vai v«l /JL« Civ Clu The A«n 8cr Fxa Pre L«u V«l Met. Lys Pro ljy« 
i3S HO M5 150 

c«fl gag qtg *«g -ccc gcg tec c«g 4tc gtg «ct g#g cag cgt 0(I» ftfct 
<iln GJ^ Val l.ys S»c Ala S*sr 'Sin 3l« Val Tht G1*J Gin At? Cly A»« 
aw 160 1«5 

get get cct ycc teg t-gc ct.t xce «cg aca agg agg gtc cat czz ttg 
Al* Ala ire Ala Thr Arg X.ttii 5«r Her Thr Arg Axg Vol His Pro l.eu 

170 ns leo 

»t.e *et ctg anc ccc t»c Cag ggt «»e tgg gtc ott cag gtg egg gtc 
lie The leu Asn r-rc Tyt Cla Cly Aar. Tip Val Xie lya Val Arg Val 
lei 1«& 3»5 

8Cg age Da* ggc cat cxg i^ga ace t«c agg s&t get cgt gga gaa ggc 
ttil 5er lys Gly Aan i*u Arg Thr Tyr Arg Astj Ala Arg Giy civ Cly 
SCO 201 S3& 



g*e gag etC gat egg itc egg aaa gag g«g ggg qec qsc «gc t;ac gtt 

Aap Glu Uu Asp Arg lit Atq Lys Glu eiu Gly Aap Asp Tyr V*l 

555 560 S6& 

etc ««g etc >ag 934 «oc acc tgg get cct cac cXg etc egc gtc age 

L*u Lys L«U tyft Glu AXa TJ.e Ttp Val ITO Uis Le\) Phe Arg Val 5«x 
S7S 5B0 



gtc set cag CBt gaa tac otg aac gag ai^g agg cog ega itc occ gtg 
Vhl Tht Gin Kj» Glu Tyr Ni-t A«n Giu ly» Arg Gin Arg lie Tbx Val 
£GS ss-O 5S5 



agg ggi gaa gea ceg gtc 00= tt- gca get ga^ tec e«g tar ttg ctt 
Axg Cly Gltt W« Pro Val Asp Phe /d* Ala Clu Ser Lys Tyt L«u 
€00 tio 

caa gag ate gcg oag etc ace get tge \*gaayi*cgc a.gtcttCCtg 
Qlu Glu lia Ala Lye LeU Thr Ala Cy« 
615 €20 

glggttctxc aaggactggc cecegotatg tcr.rcetete agtttttctt tt?«gcteca. 

gxaactioat raetgttoti; tgtgttgcte tcactgggte tta^ccttc tgtaaggtat 

i.t9tay«tgc tagttcacst tggtgtcaeg gaacagatgc tattataage ectgcaaaat 

^o-^agtittjca •ttccvtgtit tctgcaacct tgapcaeata gggaaagatt at-gagtacta 

nttgatgatg ttaggtcgct gcegctiaaca agtgtttggt tctta,gtgBC lactgtttag 

tcccutact ttattctatt ttagtattta aggctgcgtC tggttgcgtc gacrB««c«i: 

qtt.gegcgtg tecgatgagt ctatt&Ctga agc^caaaat tgQgaae«>« aaaaoaaaoa 
aaaaaaiiMBa aasaaasaaa «aaa«»aa«,« ** 

<Z\Q> 2 
<211> £23 

<2ii> PUT 
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ogg gag ctt gta gat att gtt ggt gxg gtt CAg agc gra tct CCC aca 
Arg Olu wu val ^^p aie Val Giy Vai Val CJtt Str Val Ser pr^ Thr 



c':e e^t gtt *cg aca sag ttt g&c aac gac aca at* cc^ aag cgt gac 
Leu Ser vei ^rg Aig Lya lie A,p Asd Glc Thr 2l« P;a Ly* Atg Asp 
';3C 22s ?<o 

itt ^.r. era gri c*t g»c tct gje *«« a=t gtv act att tct ccc tgg 
31» V*l Val >J* Asj: Aj^ £=x Cly Lyc Thi Val Tni lie £»i Leu Tie 
3<5 Jic 

fiat gac ctt get fcct aco act ggc e*» gag etc ttg 7»c *tg gtt 9«c 
Asn Aip ieu Ala Tht Thr thr Cly Gin CIxj L«.u L«u Aap Met V»4 ASD 

ags teg cet ^tt gtt gcg ata aag cgc cr:* aaa gta tct gac ttc caa 

ier 5ec Pro Val V«l Ala ll» Lys Bar Leu Lys Val Sex Aap I-h. Gin 
-''S 3fe0 Its 

00= gtfl ctt tea act att ggc ag« oyt act etc gaq aLt aat CCt 

Gly V4I Sar Leu Sex Tbx lie Ciy Aig £ftt Thr Leu Glu He Asn Pj:o 
391> ADt) 4Qi 

gae ctg cct gag get oag aat ctt aag tec tgg tat tct gaa ^gc 
Asp Leu Fee- Glu AJ k l.yj* Aaa Leu Lya Smr Trp Tyr /-ap ter Clu Gly 
410 41& 420 

na« gtrt *ct. t(A» ccg gee cca ate agt gc« caa gcg ggt gcc aca cgc 
Ly* Asp Thx S«x Lt-u Ala Pre He Ser Ala Glu Aia Gly Ala Thr Ain 
<25 430 42J 

get ggt ggt ttc aag tec atg tit tct g»t aga g-ct ttt ctp tct cac 
Ma Cly Cly Phe Lya C«t Met Tyr r*r Asp Axg Vai Pli- Leu Sfti Hi« 
fl<0 445 450 

ate »cc ftgt gat cct get fttg gjc cag g.^in ang cct gtt ttc ttc agt 
He It.r 5»r Asp Pre AJ* t4f(t Cly Gin Glu lya Pit V*» ri.t tht See 
455 4 60 441 410 

ctg tec gcc ate ata age cac etc aag cct gat ctg aat atg tgg tac 
Lau Tyr Al* lit He Ser His lit Lys Pro Asp Cln Aan Met ixp Tyr 
<75 <eO 

cgt get tge acg ace tgt aac aag ««g gtg act gaa get ttt ggg tct 
Arg AJa Cyo Tbr Thx cya Asa Lya Lys Val Thr Glu Ala P>.fe cly Ser 
490 ^S-S, 500 

gga tjc tgg tge gag gcg tpc cae ug aat gac hce g«g tge teg ctg 
Qy Tyr Trp Cys Clu C.\y Cyjt Gin Lyi Aan A>p 5«x Gli» vy% Set Lau 
50S 510 53i 

agg tac aec atg gtg ate aag etc tec gat ccc act ggt gag get tgg 
Arg Tyc He Met Val Il« Lya Leu Ser Aid Pro Thr Gly Giu AI4 Trj* 
i20 S2S S30 

gtg tec gtg ttc aac gog c»t gcg gag aag etc att gyc tge age gcc 
Val aqr Val Phe Atli 5iu JJit Ala Glu Lys 11« He dy Cy« Sec AJa 
535 54lr 545 5SO 



ICZ 170 i75 

Arg A13 Val His Pre -eu ll* rrhr Lsu Aan Pro Tyr <;in Gly Aan Xa, 
lEO ISS ^ 

Val I la Ly» Val Arg v^i Thr 5ec Lyo «5ly Asn Lou Axg Tt.r Tyr Art: 

195 200 20- ' 

Aan Ala Arg Cly Glu Gly Cys Vi,i VJie 7i3n Val Clu h^^u Thx Ass Glu 

210 ^15 
htp Gly Thr CJr. He Gin Aia Thr Met Phe 7*sn Glu Ala Ai* Lyr Lys 
*-^-' izs ' 2*0 

I-»c Tyr Pzo lit Pho Glj Leu Cly Lya Val Tyr Tyr Val i&r Lvs Cly 

S<£ iso £53 

Ser l^g f-jcg 11- Aia f^u Lys Gin PJ»e Ly» Thz \'hl Lys Asn Asp Ty- 

260 2^5 2-30 

g:u Leu Ser Leu Atn CO u Asn ?aa Val Glx: Glu Axa Giu Gly clu 

2:15 ;eo ces 

Thx Phe Ltu Pro pro VrI Gin Tyr Aax> Leo Val Lyo 11« Asp Glu Lett 

^5*0 2S£ jQ- 

31y Pre Tyr Vet Zly Gly Arg Glu Leu Val Asp 11« Vil GJ y Val Vdl 

51n V»l S*X Pre Tftc Lau £e: Vai Arg ^^rg I^ys He Aap Ann Glu 

350 

Thx II « Pro Lys Arg A»p I la Val Val /O-a Asp Aap Ser Gly Li'S Thr 

3*0 34S aso 

Val r**2 lie Eer Leu Trp Asn Aap Leu Ala Thx Ifix rbc Giy GJn Glu 

aS5 360 365 

Leu Leu hsp Met Val Asp Sex Sex pro Val Vol Al» lie Lys Ear Lau 

370 3?S 360 

Ly5 Val Ser Asp Phe Glo Giy Val Ser Lett Ser «.x tie Gly Axg Se.- 
365 ' ^^O 

Thr L*u Glu He Aan Pro Aap Leu Pro Glu Ala Lys Asn Leu Lya Ser 

«05 410 415 

•rxp Tyr Asp Str Glu Gly Lya Asp Thr 5er Leu Ale Pro Ue JS^-r Ala 

420 625 430 

Glu Ala Cly Ala Thr Arg Ala Cly G3y Ph? Lys Sex Met Tyr 3ct Asp 

OS 44D 4« 

/j^g Val r-ha L-su Set His iin Thr Ser Asp Pro Ala M«t Giy Sin Glu 

flSO 155 4eo 

Ly* Pre V«l Phe Ph*; Ser i,eu Tyr Alo lie He Ser Bia lie Ly* Pro 
<65 <-70 475 460 

A3p Gin Asn Ke-t Trp Ty* Arg AI4 Cya Thr Thr Cya Asn Lys Lya Val 

<«S 4?0 495 

Thr Glu Ala Phe Gly 5ct Gly Tyr Trp Cys Glu <*ly Cya Gin Lya Asn 

•00 505 110 

Asp Sar Glu Cys Sex l«u Arg Tyi lie Mftt Val He Lya Lau Ser A»p 

S15 . 520 52& 

Pro Thx Gly G)w Ala Trp Vai Sax V*l Wie Pmh Glv Ills Ale Glu Lyt 

SSO S3S 540 

lie lie Gly Cya Ser Alo Aap Glu L«u Asp Arfl lie Axg Lvs Glu Glu 
5*5 5^0 SSS £60 

Gly Aap Asp Sex Tyx Val Leu Lya Lou Lya Glu Ala Thr Trp v^i Pro 

i65 570 57S 

Hia L«u Phe Arg V*i Sec Val Thr Cln Kl« Clu Tye Met Asn Clu Lyi 

560 iB£ ago 

Arg Gin Arg He Thx Val Arg Giy GlU Alt pre Vtl Asp Phe Ala Ala 

395 600 605 

Clu £Qr Lyr Tyr Leu Leu Glu clu ;ie Ala Lya Ltu Thr Ala Cvs 
610 CIS 6?fi 
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<210> 3 
<2ia> £202 
<2l«i. DHA 

<22l> COJ 

<2Z2> <91) ... a9«) 

<223> Ceding Region for Hals* F.PA Larot JmSkjiII 

122 li- nasc lcaxut« 
<222> I0).T.(01 

<4 0O> 2- 

♦ c?ttccccc ca::;7cccc«a cctatccvcs cgftAsccscc tttccoccgq g»74iCgaCCC 
^lt=it(}99N9« y7aaa9fr9fc ai-gwgggycc 8«c get gcc ttg gtfl »cg 

Met f^p /a« Al« I.ys leu Vul Ihr 
1 & 

c'^g gtc get gt»j tct «c *tt czg ^cg coc c-^-^ teg gcg ggc tec goc 
t*s Voi vao Vol 5« Illk £.cu Alu Hie pro Ser Ale Cily tnt Asp 

lO 19 iO 

5g= yea gtg «cc jat cic gtc gtt c-ag qtc etc gac ctq »»g tec gtc 
Cly Ai# V*i Tbr Asp l^u V*3 V»l cm Val L%u Aep L«» Lyt v*l 
?i SO 3i 40 

ggc Bcg (JS^ iigc ttc agt ttc «c« gca act q»c ^gg e«g gax «r»q 

<ily Tbr Sier Arg Pbe Set Phe The Al« Thx Asp cly Lye Asp ly* 
15 £0 55 

ate Aag gcg »t9 ctt ccc acc oac ttc ^gij tC9 y«9 ^tc cgc tet ggc 
Il« Lya Al* M»^t L-tu Fio Ibx Asn Ph« Gly Sftr Clu v»l /»j:g ;er Gly 
DO M 70 

«*c ctQ sag aftc etc ggc etc etc cgc ate »rc a»c t«c oct tgc ••c 
Ain L«u lya A en Gly l»u Jlt Arg ^',^t lie Asp Ty* Thr Cya 3Vsn 

?i SO 8i 

gtc gtc saa ggc aa* gat g*c aes gtc ttq gts gtc etc aat. tgc g«q 
V*I Vtl lys CJy lyi A»p Aap Lys V(,l i.eo Vcl Vhl lie l,y3 Cys Glu 

ct-t 9tg ege caa gcg ctt gac qce e«g fete «»e ggc gag gcc «aa a«« 
t«u Val eye Cilti Al* L*u A»|> Ala Gi« lit Asn Gly 01« AJft Vy- 1*?^ 
ICfl IID lis. 120 

gag geg cct cc« ort g^? ccg aeg cct C»c osa tge gr.g gge g^g 

Cle 5lu Fr© Pre 11* V«J Xeo t,y« Fro Lya Asp GIm Cy« Val GJLy V«l 
12i 120 225 

act tec cea etc get atg «ag ccc eag c»g ^aij gtg aeg tct gcg tec 
IT*! 5tr fro u*-o fJa M«t tys frc Lyt Gin Giu Vtl lys Sar Ala Scr 
HO US 1 ".n 

cag ate gtg *flit ^ftg caj cgt goe ait act ^ct cct gtc aag ccc ctt 
Gin II « Val Ash G1\i Gin Arq Cly Arn Thr Ala tro Val Lys Pre i*u 

lil leo let 



oog ago cto aaa gtg tct gac ttt c&a ggc gtg tCt ctt tct »et gt* 
lys Sfci Leu Lys Val S«x Aap Phe Gin Gly Val 5«r Leu S*x Tt.t Val 
3B0 365 

ggc 466 agt iiRt cftt gcg fttt aat cct gat c.o *«c g»g get oag «at 
Gly Lys Sar Thr Lt\) Ala 31e A.an Pie >^p Lvu Bis tJlu Ala Win Aon 
3*S 400 4-55 

etc a&g tea tgj t*c g«c tct gaa ggc £&e gat teg ctg ge* cca 
Lou Lys Sar Trp. Tyi Asp Set C3u Gly Lys A«p Th« Lou -TJa Pro 

41D 41i 420 

•tt ggt get gbft otg ggt; gcc gca egg gcz ggt g7c tic aag CCC acg 
lie Gly Ala GJW mt Giy Alu Ala Arg Ala Gly Gly fi^ Lye Sei Thr 
430 43S 4io 

tat tct get «ga gtt ttt ctg tct Cio att act agt gat ^:ct gcc atg 
Tyt £«r A=p Arg Val Phe L«iu Jlia 31* Tix 5*ir Alp fra Ala Mftt 

^-IS (50 <55 

ggc c»g g&6 eag cct gtt ttc ttc «gt ttg tat gcc *cc »ca fcgc cac 
Gly Gin Gl^J Lys tro v»l phft Phe Sax Lw-a Tyx AL« Tht lia Sar Hie 
4C0 4« 

ate «ag cct 5»c cag aac Atg tgg x»c cgt get tgc aag acc tcc aac 
lie Lys Pro Asp tiln Acn Met trp Tyr Arg Alft Cya Lya 7hr Cys Asn 

aag aag 9*9 acri gaa act ttt gg». tct gga tac egg tgc gag gga tgc 
Lya lyo Val Thr Clu Ihr Ph« Gly 3er Gly Tyt Trp C^S Glu Sly cys 

sa* aag ait gtc teg gaa tgc ic* ctg oga tac acc atg <ptr. i.tc a».g 
Gin Lys Ktn Aap Set Glu Cy* 5er Leu Arg T-vr 11* tt^t Val 21* Lys 
510 sis i30 

gt". Tcc oat c«t •ct ygc g^g qc» tgq tte tct gtg ttc aac gag cat 
val Zaz hsp tro Thr Gly Clu Ala Tip The S«r Val the «Jlu Bis 

£22- 530 125 

gca QAg aag ate att ggc tgc age gcc <;«t gag ctt gtt tfl? ats agg 
Ala (UK Ly» li» 11 » Cly Cys Sc* Al(t Asp Giu Lev A*p ^^^g lit Arg 
S*6 545 «So 

aa« gag gttg ggg gac gac a^t tat gtt etc ^ag etc eeg gas gcc acc 
Lys Gly 51 o Gly Asj. Aep £er Tyjr v«l Le« l>-s La a Lya Glu Ala lt,r 
SS5 &e« se-^ 

"05 9-^ eac ctg ttc cgc gee «.gc gtc ktJk cag cet.yea tac aat 

irp VAl Pro His Lp*;u tn* Atg Val E*x Val Vht Gin His Glu Tyr Asu 
570 575 550 

**c g*g aaa agg cog a^a ate act gtg a^g cgt gaa g^g ccg gtc gog' 
Aan dc Lye /u-g Gin Arg lla Th* Vel Arg S«e Glu JU* Pro Val 61m 

585 see 595 600 

cac gca get gaa Z.ZC aag toe ct.g ctt gaa «g ata sco eac ctt act 

His Al* AJa Glo 3cz Lys Tyr L*ii Lou Clu GJn 31* Ala lys L-u "rtix 

510 ei5 



tee atg aca aag egg gtc Cat ect ttg ate act ctg aac ccc tac cag 
i'.t Kct Tht Lya Ar^ Val Hic Pi^ Leu lia Ihr Leu Ain Pre Ty£ Gin 
JTO 175 180 



TJt ate igg 1 
Gjy Ar.r, T.-p 
ICS 



»6T gtg cg^ gtc ^cg age «a» ges *ac ctg -^gs 
I y* Vfcl ^,rg v*i zhz S«jc lya Gly Asn Leu Arg 
liS 155 i%|t; 



3CC -oc apG EOv 'jct cgc qga gaa ggc tgt gtc ttr 4»it ctt <ibq ctt 
Ir.c Tyr Ar7 >^rj Ala Arg Gly <;iu Gly Cy* V*l Phe \sn Val Glu L-^i 
2C1 210 215 



•^tigatggt gtc*7ytcat tgxrggccsta agcttla^icc ctctatcags 

♦.t;*»cce=t cec-C'tcta *-aqtcatrt ttcat;tagtc aga-^tatrt 

»-.v*aa9«uia a«a«aaaaaa ibhhiimtn*.* «aaaatk*»« a^a^g^g^^^ 

i;C*te=iB.;c ttacQ-^cgc «;tge«.-:gcga e 

•ill?- ti: 

<213> 2*e Maya 



actstgatgr 

«£C£a«ii««a 

c=gctcra^-a 



1051 

nil 

22 02 



acc gat gtg gat ggc tec cag ate eta gc^; *crr atg ctt ^at ^ac get 
Ihr Asp CJu Aap Gly 7hx Gin lia Gin Ala Thx Ktt Ph* Asp Al» 

220 225 23i 

gca ang acq ttC tat ccg att ttt gag ctg gga aag gtc tal tat gts 
.On r.vA Lys Fh# Tyr Pro 31a Pba Clu L«u Gly Lye Val Tyc Tyr Val, 
235 240 * 

tea aaa goa tct ctt aga att ^ct a*c aag cag ttc aag act gtc c^a 
Sex ly« Gly StT Lau Arg lie Ala Asn Lyc Gin Phe Lys tht Va,I Gin 
250 Sbl 260 

aat 5«c t4.c gag atg tea eta cac gag aat get att »;tt g^a gaa gca 
Asii Asp Tyi- Glu Met 2ur l«u >Ait Glu AsD Ala lie Val Giu c^u Ala 
2CS 270 280 

gag go9 W*0 ect tgc att ccp caa gtg c«a tac «»c ctt gtc aag att 

Glu Rlv Gill Thz rye lit Pro Gli. Val Cln Tyx /^n L*U Vol Lvc lit 
2*5 290 29^- 

gat caa eta gga tea tat gt- ^gt g?e agg gaa ctt eta gat att fftt 
Asp Gin Lau Cly £*t Tyr Vtl Gly Gly Arg Clu L*u Vai Asp lift Vol 
300 'itiK 11 r. 



ggt gtg gtt cag age Ct« tCt ccc aca etc agt gcc agg aga aag att 
Sly Val Val Gin Eur V^ii Eat trc Thl L«u Sai V«l Arq Arg Vf-t Il« 
335 320 32i 

sac aac gag aca ata ccg aag cgt gac att Qtt ^tg gcg gat goc tcz 
Aip Asn Cl-ii TJax ]!• Fro lya Arg Acp 31* Val V«l Ala Asp Aap £>cc 
330 3J5 340 

jgc aaa act gtt agt ate tct ctt tgg aat g»t ctt get tct acg tct 
Gly Lys Tht Vai Sei lie Sex Txp Asn Ajp Lau Wa The Tbr Ihr 
345 350 SO 

ggg caa gag ctt ttg ^ac atg get g*C agt teg cct gtt gtt gcg *ta 
Gly Glo Glu L«u Leu Aap M*t Ma Asp £«x Pro v^l Val tCi lie 

3(;5 370 a7£ 



«4D0^ < 

Hat Asp Aio Ala lya Lite Val Ttn ?co Vaj Ala Val Sex Hia 

1 5 10 

Wa Kie Prt Sex Ala Gly Sar Aap Gly Ala Vel Thr A?;p Lfcc 

20 25 30 

Gin Val Le-j Asp l.»u lys Sar Val Cly Thx Gly Se* Arg El it: 

15 4 0 45' 

Thr /lia Tlie Aap Gly Lys Aap Lys 11* Lys Ala Ket L«u Pre 

50 i5 60 

vt^ Cly See Clu Val Atg Ser Gly Asn Leu Lys Asn Lau g\ y 
eS 70 75 

Arg He Jla Asp Tyr Thr Cys Acn Val Val Lya Gly Ly» 



t5 



90 



II« leu 
15 

Val V»3 

Thx A«n 

Leu Il« 

80 
Asp Lys 



Val Leu Val Val JJa Xys Cy3 <Jiu L«u Val Cya Gin Ala Leu 
. lOtf 305 110 

cic tin Asa Gly Olu Ala Lys Lys CJa Glu Pro Pre lia v»a 

335 120 

Tsu Lya Aap Glu Cy* V»l cly Val Thr Tra Le<j Ala Mtt 

130 135 140 

Lya Gin Clu val Lya 3«r Ala ser Gift Ii« Val fjtn Glu Gl*> 
H5 150 

*isii Thr Wa Pro Val Lys Pro Leu Sex l^at Thx Lya Arg V*J 

16S no 

leu lie Thr. l^w Ain Pro lyr Gin Cly 7^on Txp Val He Lya 
1»0 3B5 390 

Val Thr Sar Lys Gly Asa Leu Arg ifir Tyi Arg A»n Ala Arg 

195 200 205 

Gly Zys Vel vhm Asa Val Clu Uu Thr A=p Glu Asp Cly Tbx 

SJO ilS 220 

Gin Ala Thr Kat a^n Aep Ua Ala Lye Lya Ph* Tyx Pxo 

225 230 215 

Clu Uu Gly Lya v-1 Tyr Tyr Val Ser Lya Gly Sax L*u Arg 

241 250 

Asn Lys Gla Ph«, Lya Thr Val Gin P'Sti A»p Tyi Glu K-Ct Sar 
250 2C*> 270 

Glu A»h Ala 33* Val aiu- Glu Ma Glu Cly Glu Thr Cyo lie 

a7i 260 205 

Val Clu tyz Aan l^u V,**l Lyt 31 « Asp Glr* Lay Gly Sex Tvi: 

2S0 Z95 300 

Cly Ajtg Givi l^u val Asp 31a Val Glv Vtl Val Cln Ser Vai 



S5 

Ala 

Leo Lye 

Lys Pio 

Arg Gly 

leci 

Hia Pto 
175 

Val Arg 

Gly Clu 

Cln 3Ia 

lie Phe 
240 
11« Aln 
255 

Lfu Asn 
r*-o cln 
Val Gly 
S*ir Prr. 
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«J102. 5 
<,2U1> €30 
«212> VF.T 

<£13> OryzA ««tlV4 
<40C'5 5 

K*t A«p So Asp AL* Aid tro Ser Vel ri;r Pro GJy Al* Vi.l Ala Ph* 

1 S IC 15 

val Leu Glu Asn ^a* 3«x Pre Asp Ala Ala Thr sly Vel Pro Vul Pro 

2C 25 30 

81u He v»l teu Gin Vbl val a«p L*tu Ly« Pice. rl« cly Thx Ar^ i>;* 
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Thr Ph« I.BU Al* Ser Acqp Gly tys Aap Lye He Lys Tlir M«i: LftV WU 

SO 55 60 
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6b 7 0 75 90 
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He 


Lys 


Val 5cjr ^^p 
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7hr Gly Clu Ala Trp Lto 


591 L^u 










t35 








540 







frho AsTi Aap Gin Ala Glu Arg He V*l Gly Cys 5oe Ala Asp Glu Leu 
510 

Asp Arfl He Ar9 Lys Clu Glv cly Aap Asp Set Tyr Law Lou Lya Leu 

565 570 575 

Lys Glu Ala Thr Trp Val Fzc Ki« L*u I-he Arg Val Sex Vol Thr Gin 

500 5B5 S90 

Acr> Cltt Tyr Krst A»n Glu Lya Ar^ (Sin Ar^ He Thx V#l Ara Sel Glu 

595 600 SOS 

Ala Pro Vftl Asp His Ala Ma Clu Ala Lys Tyr K«t L4u Glu c-u Ho 

610 615 520 

Ala Ly-T Lev Thx Gly Cy» 
65S C30 

<2\Q> e 
<2ll> 60S 
<212> PRT 

<213> Xejiopiis laavla 
<4r»0> C 

Met Ala leu p-xo <;in Leu Ser Glu Gly Ala He Sec Ale Wet L*'J 61 v 

1 - 10 IE 

Gly Asp Set Sex Lya Lya Pr-c Thx L«u dn Val He Asn He Arg Pro 

£0 25 30 

n^* A»r. Thr cly Asn Gly Pro Co:o Axg l-y*' Ax9 Lev Leu «et Sex Asp 

35 40 45 

«ly Lau Asn Thr Leu 3ex Ser Phe M<t Leu Ala Thr Gin Leu Asn 5ex 

SO 5S €0 

Leu Val Asp Aan A3n Leu Leu Ala Thr Axn Cya 11* Cys GId Vol Sei 



C5 



7fi 



75 



90 



Ar^ Piia Ha Val Asn Ak» Leu Lya Aap Gly Axg Arg val He He */ai 

OS 90 95 

Met Glu Leu Asp val Leu iya Sex Ala Asp Leu "VkI Met Gly Lys Tie 

100 105 110 

Gly Asn Pro fSlO Pre Tyr Asn Asp Rly Gin Pro Cln Pro Alo Ala Tro 

315 aao 

Al* Pro Ala Sex Ala Pro Ala Pec Ala Pro Sei Lvs Leu 61 r Asn Aan 

130 125 lie 

Set- Ala Fri KTo Pro Sei Ket >-an Arg Oly Thr C«c Lys Lfcu Phe Gly 

145 ISO 155 l£0 

Cly C-iy 2ec Leu L*ta Pjan Thr Pre. Gly cly Sor Gin Sor Lyo Val Val 

165 170 no 

Ira He Aia Sbc Ley Aun Pxs Tyt Oln Sex Lys Trp Thr Val AXg Ale 

leO 165 190 

Arg Val Thx Aan lys cly Git: He Arg Thr Trp S«r Asn Ser Arc Gly 

19^ 200 205 

Glu Giy Lya Leu Phe Ser He Glu Kat Val Asp Clu Ser Gly Clu He 

210 515 220 

Ac9 Ala TKf Ai» Phe Asn Cl.j Gin Ala Aap Ly^* Phe Phs Ser ile 11* 

£25 iiC it35 240 

Qlu val Asn Lys Val Tyx lyt Fbc Ser Lys Gly Thr Ltu Lys He Ala 

245 250 2hS 

Asn Lys Gin Tyr Thr Ser Val Lys Asn A»p Tyx Glu M^t Thr Phe Ain 

260 265 270 

£♦1 Glu Thr Sex Vai II « Pxo Cys ^jp Asp Ser A2a Aap Val 5^cs W«c 

275 2H0 2B5 

Val Glxi ili* Glu the Val Ser He C-ly Glu Leu Glu .<er Lys Asn Lys 
290 235 200 

Aep Thx Val i«u Aep He He GJy Val Cys Lys A^a Vtl Clu Glu Val 
305 Sib 315 

7hr Lyr vai Thx He Lvs Sor Aii, Ain Arg siu V*i r-r Lys Arg 5* = 

S30 335 
rle His Lev Ket Asp £*ir S^r Cly r^ya v*l 3er TLx Th* Leu Txp 

24C 345 
Giy Clu A.sp Ala Asp Lya Pha Asp Gly S«r Ar9 Gin Psc Val Vtl td« 

3e'j 2€5 
H« Lys (.ly Ma Ar^ Leu Ser Asp ?he Cly Gly Ar^ S*x T>eu S*r V^l 

370 375 360 

Leu Sex Sar Ser Thx Val Net ll« Aan Pre Acp He pxc, Glv *J.d Pha 
3B5 S90 

lya Leu Axo Alo Trp Pbe Ai,p Ser GlM Gly Gin V&l Val Glu Gly Wjr 

405 410 
£er He =er Glu Sex Acg Gly Gly (Sly Thr Gly Gly Gly A»,i Thr Asn 

420 425 
TCP Lys Ser Leu Leu GJu Val Lya Axn Glu Asn Lev Gly Hlo Cly Gly 

4.35 440 
Lys Alo. A.tp Tyx Pha Thr 5 ex Vii Ala Thr lis Val Tyr Leu Arg Lys 

450 455 460 

GJu Asn cya Leu Tyr 6ln Ala Cys Pre Ser Gin Aap Cyt Am Ly« Lya 
4« 470 475 480 

V«i He Asp Gin COn Atn Gl y Leu kh* Arg Cys Clu Lys Cys Asn Lyi 

485 <S0 495 

Clo Pha Pro Asn Phe Lya Tyr Axg Leu He Leu Set Ala Asn He Alo 

SCO 505 510 

ASP Phe Gly Glu Asii Gin Trp He Thr Cya Phe Gin Sl'J S.ix Ala Glu 

515 120 «25 

Ser He Leo Gly Glu Pjtn Ala Tie lyt L«u Cly Clu Leu Lvs Clu Lya 

530 535 540 

Aar* Glu Cla Ala Tyr Aap glu Val Phe Gin Aso AJs Ajsn pbe Arg Ear 
550 555 5W 

Tyr Thx Ph* Axg Ala hcg Val Lya Leu Olu Thr Tyr Asn Anp Glu Ser 

565 570 £75 

Ac? He Lys Ala Thr AJa Val Aip Vai Lye Pro Vul Asp His Lya Olu 

5B0 SB5 &s>0 

Tyc Scr A19 Axg Ucu He ^^=t Ksn lie Arg Lyt Met AJa ThC Gift Gly 
a« GOD eo5 

Val 



c210> 7 

till-- 616 

<21X> PPT 

<213> HoBio aaplena 

<4 00> 7 

M*r. Val Cly Cln Lau Sax Clu Gly Ain tie Ale Alo H« Mac eJn Lys 

1 5 10 15 

GJy fjip Thx Asn He Lys Pic He Lru cln Val He Asn Ho Are Pxo 

20 25 30 

Ila "hr Thr Gly Acii Cor Pro Pxo Arg Tyr Arq Lou Lau Hab Sex Aap 

35 40 45 

Cly l^u Aan Thx Lau Sac S%x >h« Mel Leu Ala Thr Glit Lcu /"jd F/g 

50 55 CO 

L>ru V4I Glu Glu Glu GlZi L«u Set SaT Am Cys Val Cyv Gin He HI9 
«5 TO 75 BO 
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gcc aag gtg 9*9 cng ncg ace 5»t jxg «cc tte acg cxc g*c 9i.-c ggc 
Ala Lys Val Glu Arg Tt*r Thx Asp V#l Tiir Phe Tht Leu Asp Aap GlV 
QD e5 90 

acc ggc cgc etc gaf. ttc otc «gs tgg fltg -lei rwt get res 7«t tct 
Thr Gly Arri L«u A=p Pha Il«t Arg Trp V*l A«n r^np Aio £cr Ajp 5er 
95 100 ICS 

ttt «a« act g-jt get att cag «ot ggt etg tac att gcQ gzc att qgs 
Phe Glu rhr Ala Ala lie Gio Asn Gly Met Tyr lie Ala Vai Jl» Gly 
110 115 120 

age ct;c sag g(j* etg caf gag ag; sag egt get oct get. ttc UCa etc 
Ser L«u lys cly Leu Gin Qlu Arg lys Arg Ala Thr Ala Phe Jia 
125 ISO 155 140 

agg cct «ta ace get ttc «*c gag gtt acg ctg cat ttc att «»g tgt 
Arg Pro lis rl>r Asp Phe Asn Glu V*l ~Sx His Pho He Glr. Cys 

145 150 155 

Ptt egg etg c*.t *ita gag **e att gaa tie aag get ggc egt cct gca 
VaI Arg Het His He Glu Asn He Glu liau Lys Ala Gly Sar Pro Ala 
1€0 365 no 

cga ate *nt tnt fzt otg gga gtg tea ttc t^n »Kt gga ttc egt gba 
Arg Ila £«r £«r S«it Met Cly Vol Sec Phe Str Asn Giy pUe Sex Glu 
175 leo 185 

tea age ace ccg ec« tct ttg aaa tec egt cc= gca ccg gtg acc age 
Eer Ser Thr Pto Tht Ser Leu Lys Set Set Pro Alo Pro v*J Thx Set 
ISO 195 l-OO 

ggg tea tec g*t acv gat ccg cac acg c»g gtc ctg eat ttt ttt a^t 
Gly 'J^x Z-vz Asp Thr Asp Leu Mis Thr Gin Val Lag Asij Phe Phe Asn 
2CS 2i0 ilS 220 

gaa cca gcg ««c etc 9*9 age gag cot ggg gtg cac gtt gst u«it gta 
Gltt pjra /a« A4n Leu Glu £er Glu His Oly Vai HIS Val Asp Glu Val 
225 250 235 

cte aag egg tie aaa ctt ttg ccg eeg eag cag ate acg gtt get ett 
Leu Lyit P^g Fft« Lys L«u 2.»u Pro Lys l.y& Cln He Tht Aip Al4> lie 



gat tae *«c. at.g g*c teg ggg egt ett toe tea sea *tt cat gaa ttc 
Aii-p Tyr Asn Kat ^^p Scj Gly Acg lieu Tyr Sti ihr He Asp Glu Phe 
2J5 2C0 it* 

Tec tac tag g^a act eaac-gattt gaagsccirvo s:t7c-gg*ai t3-;c. g»crj» 
His Tyx Lys Ala Thr 
?70 

ctT»»gt«.tce ctt^tactKa accaaagtct ggaaatgtce tgttgtgtca r?«a:.cgcat 

75ttgg-tt£ tj^aeacstt tacet=ttgt atcaactast tgatttgtJit ctcgtgtcaa 

cttaatgact g-::)gccac9aa «av?«4-gtttg togaggc^ca cageaaaaa* »aa*.»Aaaaa 
■aaaeaeaaa 

•.210> IS 
■*211> 273 
<I12> PKT 
<212^ Ze« nays 

<4D0> 13 

Met K*t Pro Lau Sec Cln Tht Aap rh« Sttr Pro Sur Gin Phe Tftl Sex 

IS 10 15 

Cer Gill Asn Ale Ale Ala Asp Sat Thx Tbr Pro 5ei Lys Ket Arg Gly 

20 25 30 

Ale Ser Ser Thr Net Pro Le"u Thr Val Lye Gin V*l Val Asp Ala Gin 



35 



40 



tin Sai Cly Thx Cly Glu Lya Gly Ala tfs ?Ihs He Vftl Asn Gly Val 

50 55 60 

Gio Met Ala Asn Jle Arg Leu Val Cly Mist Val Asn Ala Lya v«l Gly 
65 70 75 BO 

Arg Thr Thr A«r Vei Ti^ii Phe Thr l^v Asp Asp Gly Thr Giy Arg l^u 

85 90 95 

Asp Phe lie Arg Trp V«i Asn Alp Ala £kx A&p Sez p>i«t Clu Thr Ala 

100 105 110 

Ala lict Sin Ain Giy Met Tyx He Ala Val He Gly 2«r Lev Lys Giy 

115 120 125 

Leu Gin do Arg Lys Arg Ala Tlir AIa Phe Sax He Acg Pre ll» The 

IID 13S 140 

Asp Phe Aan Glu val Thr Leu His Phe Ha Gin Cys Val Arg Met Kle 
145 150 155 160 

He Glu Asn He Glu Ltu Lvs Ala Gly Sec l-ro Ala Arg He Ser Sex 

ICS 170 175 

•'^•sr Met Cly Val 5bl* Phe 5ec ASb Cly Pba Ser Glu Set Sax Tlir Pr& 

100 leS l!tD 

Thr Sar Lau Lys S«r Sex fro Ala Pro Val Tht 3er Oly Sat S«r Asp 

I£i5 SOD 205 

Thr Asp Leu His The Gin val Leu Asn Phe Phe Asn Glu Pro Ala Asn 

210 215 220 

Leu Glu Ser Glu Hi» Gly vei His Val Aip elu Val Lou Lys Arg p:i« 
;-2S 2^0 23S 24C 

Lyi I«u lau Pro Lya Lys Cln Ho Thr Asp Ale li« Asp Tyr Asn Met 

245 250 255 

Asp 5er Giy Axg Leu Tyr aet Tnr lie Asp Giu Phe Mia Tyr Lys Ala 
2€0 2G5 270 

Thr 
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cay ttc acc tec tec cag *a^ gee gcc gcc gee tec acc acg ccc tec 
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.tec aae ttc tcy ccg tc? cog ttc rcc fccc tee caq aat gcc grs gcc 
Thr Ktr »'^** -"-r G1.B pht Tht Cov 3c r Glp Ailt A3* Al* Al* 



7«c crc acc eeg crt tc: tag «t7 =gc g^c geg tec age as-z nfi cc? 
Asp Set Tht Thr Pro Sox Ly» Met Arg Cily AJ». Sex Ser TJir Met Pro 
25 30 3S 

etc ecc qcg «ag cag ^jtc gtc 7«<= (eg cnQ cag tci <f9C c.c? gg? ga£ 
Leu The Vai Lys Glit V<il val Asp Ala (Sir* Cin S«2 <ily Tht Gly Aflp 
40 45 50 

gqc OCX c=p ttc «tc ^Cc &at ggr: ^hc 91*^ «i:g 4Ct »«c err cg« 
Ly« a\y Al* Pcc Th* 11* V«.l Asn cly Val Giu Kct Al» >jr He Atg 
SS 65 70 

ctt gtg 9*^= ««g ^tg gag egg ecg sec gat atg oc: 

I/tu Vil Cly Ktc Vol Asr. Ala Lys Val do A eg Tjix Thr Asp V*l Thr 
75 BC 85 

tKc A eg c^c gftc ggc »cc ggc cgc c-tc gat Itr &tc ftga rgg gtg 

the Ihx L««> Asp ^sp Gly Thr Gly Aig Ltu Aap Pi.e lie Arg Trp Val 
'?0 !(5 1C*0 



<rio> 1& 

^iU> 1051 
-'2ia> CNA 
<213> Z4« way* 

<22'l> misc teitTire 
02i> (0).7. 101 

<2I:3> Halzft APA Middle Svbunit Huroiogue- "4 

<r21> CDS 
<222> {76J.. 



•6541 



<400> 15 

tcgaCwCacS cgtccgahcc *-rcc».tctgc g=acccgC4» gcct*ttcgs cgwcc^CCt 

cj>ggt9«cc? 9gr««g at.g atg ccg ttg age eta «cc a*.c t^c teg ceg tea 

M*T »tt Pro Leu Set Glti TTjC Asp Phe 3«C Prc Ser 

1 5 10 

cag ttc *ec tec tec csg *at g=c gcc 9*c tec *cc ♦cq r-Tt tec 

Gin S-tie Thr r Ser Rin i^r. Al* Al* 7,.»p Scr n.r Th- s-ct Sti 



«*t g«t ?ct tta g»t tst frt iJtia ^ct get 5« »it c»g »»t. ggt «tg 

Aar* ATp JH» S*x Aip S*T Ciu Thr Ale Ala !),• CLn Asr, Gly «ct 

105 110 IIS 

r.«c txt gcg cic Att ^-i- etc a»g gga ctg csa gag' •gg aeq c^it 

-y* Ala V*l :le Cly Ser l^ii Lys Gly Leu Gtn Glu Atg Lys Atg 

120 22£ 130 

c-st act --ct -tc tea 6ic «gg cct ato n=c get ttc *at gag gt-t acq 

Tbr Al* £-li« i« lid Arg Pto lie The A«p tJttt Ajn Glu Val Tht 

131 HO 145 15C 

ctg o«t tt- »tt cag tgt gtt egg *i.g cjt at^ gag •■c att g*» tta 

Leu Mia >h* 11^ Gin CTy.t Vnl Arv H*t Hi« life ^iu As» Il«: Gla Leu 



««g «Lg cgc g^c g=g t=c age acc atg ccg etc act gtg aag cag gt.c 

Lyz M«t Arg Cly *Ja Ssf Set Tnr Met Pro Leu TSx V-1 Lys Gin V*! 
30 35 40 

gte g«c gcg Cfcg c^g tcc ggc *Eg ggc g»g *tog gge gcc ceo ttc atC 

Vol i^sp >.ia Gin Cln S«x Cly TjtX Civ clu Ly$ Gly Ala >C9 Pbe 11 « 

4; 50 ' 55 eo 

gtc »*t ijgc gtc gag i"g get aac *tt cpa etc ntg ggg »tg gtic *.*t 

VaI Aan Cly V*i Clu Mftt Alii A*n Ji« Axg L»u V*l Cly Met Vol Acn 



gcc aag qcg gag egg acg acc gat gcg acc tts bcg etc gac gat ggc 
Ala L,vK Val Giu Aig 7hr TThr Asp Val. Thr Phe Tfcc Lac A*p Asp Gly 

^0 e-5 VI 



Af-q get gge sgt ccc jca cge att -agr. tcr ret atg 35* ^tg tea ttc 
Lys Al* Gly Set Fro .Ma Arg lla S»x Set- Sar JVtt Gly v«i ph« 

no ns ISO 

t^o «at gga t^c ■k'jX. ga* t-a «gc tea ccg aca tct ttg aa% tcr agt 
c Ar-r. 'ily Ih* i»r Gi;; 5et £ec l>.r Pre Thr Ser Leu Lv». r.*x Pfti 
l&O 195 

-rcc gsi ccg gtg acc tgc ggg tc* tec got tct gat '_tg cac acg cag 
t'xt »1* F*^ Val Tht £e= Gly Eo-r Ser ^3p The Asp L*u His Thr Cln 
2fO 205, iiO 

5tc ctg let ttt Ctt aat gaa cca gcg ere 5».g e^t ^ag est ggg 

V*l Lftu Xar PJi* Pti* Asc Cla Prr- ^Ja /ja Law Gin ttc Giu Ilia C«ly 
215 220 225 230 

geg cac ^tt u«t g«« gta etc Q«g egg ttc aaa ctl ttg ccg sag aag 
V4I >li£ Vi.1 Asp <ilu L-su Lyi hrg the Lvs Lev Leu. Pio Ly» Lys 

m 240 ;;<S 

cag *tc h«0 gat gcc att gat t*.c tiat atg gac teg ggg cgt ctt tac 
Cln lia Thr /»sp Ala lie Asp Tyj Asn mt Axp Sax tily Atg Leu Tyt 
250 2X5 260 

tea aca att. gtit gaa ttc cec tac aag gcfi arr taaccgatfct ga^ggccagc 
5er l-ht Ila Asp Clu P>>- His T^'r Lys Ala Tht 

ctgctygada cggeegagga craagtetca cttgtc.ctaa. occaaagtcn ggaaatgtca 
tgc'gtgcca tg»«atgcat gg'tggctta tgq&a«c*aa a»A«t 
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Set 
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ISO 




135 










ICO 



«cc ggc cgc ct.= gat ttc ate aga t^g .jtg aac g*,t get tc* gat tct 

Tilt Gly Axg Ley A=p J-N* T.la ^g rp v»i /vtn Aap Aia c«f As-p Sex 

95 iOO 105 

ttt gaa -ct get get, ate cag a«t ggt atg tac att gcg gtc ttt gga 

PI:* GlM Thr Ala Aii» lie *5i?> Asn Gly Kat Tvr lit AU V*,i II (Jlv 

liO 115 J20 

si^jc etc **g ng*. cig ca- <j»g ijgg ofg cgt get ac* g'.t ttc tea *tc 

lai: Lj-c Cly Leu Cln Clu Titg l.y? Arg Ala. 7tic /.is Phc 11- 

1£5 130 125 14 -I 

acg cct ata acc gst ttc aat geg gtt <cg ctg cat s.-.c att cag tgt 

Arq Pre He Th: J^sp Pha A»n Gl« Val Tht L«u Hio Phe il» <ilti Cya 

itC lis. 

gtt egg aty cat &tft ^itq asc act gaa tta aag get occ agt cct c<^a 

vai Arg Met His He Cla Asti Th: Giv Leu Lvi W« <;ly Set I'/o Al*. 

160 3<,5 170 

tga ate a«t tct eet itg gga gtg tea ttc tea £nt gga. ttC bgt gaa 

Arg He Asn Ser Scr Kttt Cly Val s«r pli« Ser Asa Gly Vba t;«r Clu 

175 1«0 1S5 

cca age aca ccg aca tct Ctg aaa ccc agx ccc gn* ceg gi-g see age 

iet SDt Thr Pro Tkt Ser Imu Lys 54 1 tar Pre Ala I'lo Vnl TKr C-ec 

L<«0 19S 200 

ggg tec tec gat >cc utit rtg cac acg cag gtc eta «*C ttt ttt aai 

Gly set Sex Asp Thr f£p Lav Kia Tht Gin Val L-su Asu ^he >h« Asn 

205 2X0 215 220 

gaa cca gcg aac etc ga^ «g* gag «t ggg gtg cac get gat gaa gta 

Giu Pre Ala /tan Lau Clu &er Glv HLt Qly Vbl his Val A&p Glia Val 

225 230 235 

etc ciag egg ttc aaa c*;.t ztg ccg aag aag cag ate *cg gat get att 

Leu Lys Arg Phe Lys S^v L«iu t.yw Lvc Cln 11* Thz Asp Ala He 

3«C 245 250 

gat t.»c a&t ntg gac x.cg ggg cgt cct eac tea aca att gat gaa ttc 

ASP Tyr Asn Met Asp Set Gly Acg Leu Tyx Ser Thr lie Asp Clu ph« 

255 2fiO 2fS 

rac tac «4^g gem act taaccgattt gaaggtcagc ctgctggaa* tggcagagge 
MiB Tyr lya /ila Thr 
270 

ctaagtatca cttgtace.&» ncca&agtct ggaaatgtca tgttgtgtca tgaoatgcat 

ggttggttto tggaaacvaa aaaaaaaaaa aa^-aaaaaaa aaaaaaaaaa naaaaaa 
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etc g«c gat ggc acc <f:gc cgc etc gat ttc ttc nge tg^ ^g aat gat 
Leu Asp Asp Gly 7hE Gly Ax? Leu A»p Phf* Ila Arf Vrp '^3 Asn Aap 
90 95 100 

^cfc bea get tct tcc gas act get gcx att cag cat g-jt atg Cac att 
Ala Ser Asp S«z Pli« Clu Thr Ala Ala 11« Q.n Asn Gly Ket 7yi 3l« 
lOi 110 115 120 

ocg t;tc stt gga age etc tag gjs ctg cso sag agg aag cgt get act 
Ala v»l 3ie Gly Sex Leu Lya CU y Leu Gin olo Axg Lys Atq Ala Tht 
125 130 135 

get etc tea «tc ag^ cct ata ncc gat ttc aat o*9 O*'^ »~3 cat 
Ala The 5er lie Az^ Pro Jle The Asp Ph« Aan Glu Val The Veu His 
180 145 150 

ttc att cag tgt gtt egg atg cat ata gag aac act gaa tea a<ig get 
Ph« lie Gin Cys Val Arg Het Mia lit Glu Asn Tin Glu irtu Lye Ala 
15*j 160 165 

ftgt cc; gca cga a^c aat tct tet atg gg« <jtg tea ttc tea aat 
Gly S«z Ifro Ala Arg He Asn Ser Sur Mvt Cly Val &er Phc sax Asn 
170 175 ISO 

gga ttc agt g».a tea age aca ccg ec& tct ttg aaa tr.n sgt. ccc gca 
Gly Pbtt Ser Clu Sar Ser Thr Ptc Thz Car lau iyr Sax Sec px^ /J.o 
leS liiO 165 200 

ccg gtg acc ajc ggg tea toe gat act gat ctg cac xcg cag gtc ccg 
i-ro v»l Thr Ser Gly S*x 5«r Asp Tht Aap Leu His Thr Gin Val Leu 
20» 210 215 

&at x-tt tt^ «at gaa cca gcg a«c etc gag cgt g«g cat 999 gto cec 
Asn »ho The f\»ri Glu t'lo Ala Asn Loj Glu Set Glu Kls Gly val Mis 
::o 225 230 

gtt gat gaa gta etc aag egg ttc «ac ttt tgc cga ao« age agK t.c<> 



<210> IS 
<211> 1074 
<212> DKA 
c213> X«a mays 

<22D»^ 

<2£1> niiBC_fe8tux* 
<222> IOj,..IO] 

•:223;' H»iz* BPA Kid<ll« Suhunlt Hcmologue-C 

■c221> CDS 

<Z22> (55>...r873) 

«0O> ISf 

gocccacgcg Cccgcgcaag cctattcgcc gcacetcct.c aggtgaccgg gaag atg 

Mat 

1 

atg ccg ttg age cbb occ goc ttc teg ccg teg cog Xtc occ tec tec 
I4«t Pro Leu Ser Gin Thr A£p pKa Sec Pro Ser Cln Pha Tbz 5«k Sex 
5 10 15 

cag oat gcc gcc gcc gac tcc occ acg cct tec aag atg cgc ggc gcg 
Cla Asn Ala Ala Ala Aep S«r Thr Thr Pio £tr Lvs Het Arg Gly Ala 
20 25 '30 

tcc age acc atg ccg etc acc gtg oag cag ^tc gtc goo grg cag cag 
Sec Ser 7iir Hab Pre Lav Thr Val Lys Gin Val Val Asp Ala Cln Cln 
35 40 45 

tct ggc acg ggc gag a«9 ggc get ccq rtc etc gtc aat. ggc gtc gap 
Ser Gly Thr Gly Glu Lya Gly Alt; tro >h* Il« Val Asn Gl>- Val Glu 
SO 5& £0 «5 

ctg act aac «.tt cga ciV gtg ggg rtg gtc aa^ gcc aao gtg gag egg 
Kct Ala Aso lie Ajg ly;u vai Gly Kat V«l Asa Ala Lys Val Glu Axg 
70 15 BO 



59 



(3 8) 
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«.cq aoc gmt qtg «cc ttc ecg etc ^Ac 78t 00*: "cc gyc =gc etc o»t 
IVJX Thr Asp Val Tlir ?h« Ttll Lou J^p Asp Qly T>)i Cly Au:9 L«u >,8p . 
05 SO SS 

ttc *tc &9n tyg ytg «et g»i get tea g«c tct ^tt gac ftCt get pel; 
l'K« 11a. AcD ?rp Viii >-sn Asp Ala S»r Aip Str ?he Glv Thr Al ■ JUa 
100 105 110 

att c«g ««t Q^t atg tsc a::t 979 9tc att gge egc etc ««g gg» ctg 

lift Cla A^n Cly M*t Tyr lie Mo Vol He Giy Sec Irtu Lya Gly i.eu 

lis 120 125 

C'^ *eg c?*^ 0^ <)ct ttC t« etc «gg cct. *tB *cc g*t: 

Gin Glvi Azg Lys Arq Al« Ttir Ala Sisr tic Af? t'r« Il« Th< Asp 
130 33S HO 

ttc a&t yag yt-t ecg «g cct ttc *tt c*5 tgt gtt egg atg c»t «tB 

Phe AftTi Glu Vol Tbc Ltu Uls 7ho lie Gin Cys v«l Ar9 ftet His He 

150 1S5 ir.o 

ci«q asc art ca« tta dAg r;<:t ^gc agt eet gc» cga otc bat tct let 
Glo AST* Th« Rio l,»w Ly« Ai* Cly £«x tro Ale f>cq lie Asn Se* £«x 
aCL ITC 175 

0t9 g9« 9t,g irca ttc xck. «»t gga ttc sgt g«ii tc« jigc ac« ccg sea 
Mftt Gly Vrl Stl the S«r Aan Gly fhe S^r Glii «•£ S-r T>ir i-tc^ Thr 
leO 185 190 

tct tt? tee cec gen ccg gtg ace aqc ggg tea tec g«t act 

S«x l/=w Lys S»£ St* Pro Alp tt& Val Thr S<t Gly S»r Scr Asp Thx 
iSb 200 205 

7at ctg c«c ecg -eg gt.c :ixg m»t ttt ttt a«t rim* oco gcg *«c etc 
ACTf, Lau Has Ttir Sin VaI L*u Acs ehe Pl)e hsJi Qlu Piu Ale Artn lyftU 
210 215 220 125 

gag «gt g»g cat ggg fftq £»c ^tt gat qa« ?ra etc ««g egg ttc «•« 
Gill Scr Clu »is Gly Val Kis Val Asp Glu V«a I«m Lys Arg P>>« Ly* 
230 235 £40 

cct wtg csg c*f ooq cft'j <»tc t::^ ^ai g=t stt gat tac a^t ntg gac 
leu L-w Fix) z-ys Glc lit Thr Asp Ad* 11« Asp Tyr Asn K«t Asp 

2U ?50 25i 

teg gyg egt ctx tae te* *ca ntt gat g*» ttc coc toe aeg gca act 
Sar Gl.y ^rg 5y* Sar rtt lie A»p Glv the His Tyr l.ya Al* Thz 

2£0 2CS ;*70 

taaccgatct s««ggtcagc ctgct^gaaa x.ggcagagqa ctMetatca ettatactaa 
^ccaaa.gtct ^gtastgtca tgct^t^tce t,g»»etgc«t ggttgc^ttn tggnaacatx 
t*tetcttct *tsa«.eta5t K'3»t*".tg^ fti cteitgtg-tc aactt^Atgs ctgogcccftc 
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<210> 21 
<211> 1231 
<£:12> DHA, 
<215> Zta mays 

<220> 

<22i> misc fa^btuxa 
^2a2> (0>.T.tO) 

C223;- M£i.xw APA KlcMlc SUbunit HcmoloyOt-7 

<2ii> CHS 

<222> |e5) ... (9 031 
KiOOi- 31 

tccegggtcg acicacvcgu ccycQBtcct cccatcts?? CACCCgcstng cctattcgtc 
9cacctcctc ^ggtgeccgg gaag btg atg ccg ttg %gc eaa ace gac ttc 
Met Met Pro Leu Ser Ola Xiti Asp 



teg ccg teg eitg etc tec tec tec ^g aAt ^cc gcc gee gac tec aec 
£<X l-z'J Scr CId Hie Thr £er Rft OIa Asiii Ala Ala Ala A«p Sex TJn 
10 IS ec 25 

aeg cct tec c«tg *itg cgc ggc gcg tec age aec ati; ccq etc o.ci: gtg 
Thr Px& Ser Lys K*t Arq Gly >a* Set Ser TM Met Pro L«u Thi VaJ 
30 35 4(! 

aag eag gtc Qtc gae geg cag cag tct ggc acg ijgc gdg a«g g'jc get 
Ly» Cln Vaa V;,! Aap Al* €Ar Glo Sex Gly Ttix Gly GlU Lvs Cly Ala 
45 50 £5 

ccg ttc ate gtc aat ggc gtc gag atg get aac att cga ctt gtg ggg 
Pre Pba He Vai htn Gly Val Glu Mat Al* A*n 11d Arg LeU Val Gly 
60 G5 70 

atg gtc aet gee «ag gtg gag egg ac9 ccc gat gtg acc ttc acg etc 
Mtt Val Asn /■j.a Lys Vil Gly Acg Thr Thr Asp Val Thr Phe Thr Xe-^ 
75 *0 85 

gac gat gge wee ggc cgc etc gat ttc ttc age tgg gtg aat g;it get 
A^p Asp Cly Thr CJy A^g Leu Asp Pli<; He Arg Trp Val Asn Asp Ala 
to 95 100 305 

tea gat tct ttt g«a act get get ptt cag aat ggt ntg tac att gcg 
5er Asp Ser pfte 5lu Ttn ftJa Ala He Cln Aan GJy Met Tyr lie Ala 
110 115 120 

9tc att gg» age uag 90a ctg caa gag agg sag cgt get act cict 
Val Il« eiy S&r i^u Ly« (ily L«u Gin Glu hx? Lys Azg ?ilh Thx Ala 
125 130 135 

ttc tea ate apg ect at* tec gat ttc Mt gag gtt ctg cat ftc 

PIttt II* Arg ?zo H« Thr Asp Phe Asi^ Glu Val Ttix Lau KIb tt^ie 

140 145 150 

att cag tgt gtt egg at? cat «ta ga^ 6ac act 9%a tm aag get g^c 
:ie Cln Cya Vsi Arg Mt* Jiij H«s Glxa A:sn «.r Glu Lys Ala <lly 

ISS leo 165 

•gt 'jct gea cga ate aat cct tct atg^ ^ga gtg tea ttc tea aat gga 
5«r *zo Alt Arg He Ast Sex 3«r Kst Gly Val 5ei PIk S«i 7*£n Gly 

170 n: leo irs 

ttc agt gaSL tea »gR *ca ccg a;« tct btg a»a toe agt cee scs ccg 
Phe Sex Cliu £♦« cm TKx I-rt TSx Sei IrtU Lys S*r Ser Pre Ala Pro 
ISO 195 200 

gtg ace flgc ggg to* tec g-st art gab ctg cac acg c-g gtr ctg bbc 
Vel TtiZ Ser Gly Ser Ser Asp Thr Asp L>«u His 7hc Cln V«l Lew Aan 
205 310 215 

ttt ttt aat gaa tea ^eg a«c etc gag »gt gag eat ggg gtg cac gtt 
rne Phe Asn Glu ere AJa .^n Leu Glu Ser Ki« Gly Val P.is Val 

S20 22!1 230 

gat ata etc aag egg ttc oaa ctt ttg ctg aag atg cag ate acg 
Asp Glu Vail Ift-u Lys Arg Phc Lys lisu Leu tro Lys Ly« Cl» TJ* Thr 
235 240 245 

7at get Att gat tac ait atg qac tcg ggg cgt ctt tac tc* ac* att 
?.5p Al* He AiX. Tyr Asn ASp Ser Slv Arg L«u Tyr TKt He 

250 ' 255 ' 260 2C5 

gat gaa ttc =ae r:ac aag gc* .ct taacegattt ^^^-ggtchgc -_t.gc-::g-5.e-* 
>^p, Glu Phe Hi a Tyi Lye Al'. Thr 
i70 

tggcagegga ctaagzatca cttgtactaa. accaaagcct ggaaatgtca tgctgtgtc* 

tgaaatgcet egttggttta tggaaacatt t4.t«iettgt *teaacta.gc tgatttgtoc 

ctcttgTctc **ctt»»tg» (rtgagecaac a^aagqaag* ^^tagag^co <)«eogec«tt 

tgxegtltgg ct^atigct^ uttcgggtag ctggtccaax tgcaotCLvy vg^-C^laa 

ttccgatgce aaogcagaaa catatttcca aaa^acaaaa aaaaaeaa^a aaaaaaaa 

<210> 22 
011> 273 
<2i2> PP.T 
<213> Zaa mays 

<4 0O> 22 

Net Het FCC Lsu 5er Cln Thr Asp TXa Sei Pro Ser Gin Phe Thr Sex 

I 5 10 15 

Ser Cln Aan Al» Ala Ala Asp Sex Thr l-hx Pre Sar Lye Mot Arg Cly 

20 25 30 

Ala Sax Ser Thx. Hat Fro Leu Thr V*! Lys Gin Vtl Val Atp Ala Gin 

iS 40 <E 

Gin Ser eiy Thi cly Glu Lys Gly Ala Pro Ph« Ha Val /^n Gly Val 

50 S5 60 

Glu t^et KlH Asn M^i Aro I*au Val Cly Met Val Asn Alo Lyr Vol Glu 
t5 70 75 BO 

Arg Thx Thr Asp Val Th* Ph« Thr Lcu Asp Aap Gly TTir Gly Acg Leu 

95 90 95 

Asp The He Arg Trp Val fjsn Asp Ala Ser P-rp Sex Phe Glu Thx Al* 

100 106 110 

Ala H«s Gin Asn Cly Met Tyi He Al* VfcJ lie Gly Ser l^u Lya Cly 

HS 120 125 

Leu Gin Glu Arg lya Arg Ala Thr Ala Phe Str He Arg Pro He Tht 

ISO 155 HO 

>jp Pho Asn Glu Val Tht >su His fhi« He Cln Cys v*l PXO Met Kis 
345 150 155 160 

lit Glu Jiixn Thz Clu J^u ^ys Ala Cly Sex Pro Ala Arg He A»« S«j- 

165 170 ITS 

f«r Hat Cly v«3 Sax Phe Sex A«ri Gly Phe 3er GLu Sec Ser Thr Pro 

ItO IB5 190 

Tht See Leu Lys Sex Ser Pre Ala Pre Val Thr Sex Gly Sex Sex Asp 

155 200 205 

Thr Asp Leu His Thz Cln Val Lnu Akh Phe P^to Aan Glu Pre /J.a t^an 

310 215 220 

Leu Clu Ser Clu Mia Gly Vel Hl« Val Asp Glu Val LeO LVa Arg Phe 
225 230 135 240 

Lyt Leu Leu Pro Lys Lys Gin He Thx Asp Ala lie Asp Tyr Am Mat 
245 2SC 255 



1053 
1113 
117 3 
12 31 



Asp £«r Giy Arg 'i.eu Tyx Str Thr li« Asp Glu Fhg Hia Ti»r X.vs Ala 
260 265 270 

The 
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